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DEDICATION: THIS GUIDEBOOK IS DEDICATED TO 
AUGUST F. FOERSTE 
 
 
 
August Frederick Foerste taught for 38 years at 
Steele High School in Dayton, Ohio (just north 
of Cincinnati), but as an undergraduate at 
Denison University had already begun 
describing the geology and paleontology of the 
Dayton area. Upon his retirement, he was 
offered a professorship at the University of 
Chicago, but instead chose to spend the 
remaining years of his life as a Research 
Associate at the Smithsonian Institute. As we 
will see during this meeting, the Dayton area is 
critical to connecting the Ordovician and 
Silurian stratigraphy of the Appalachian Basin 
with that of the Illinois Basin, and his published 
works over more than three decades have 
served as the foundation for the stratigraphy of 
the tri-state region of Ohio, Indiana, and 
Kentucky. Whereas his stratigraphy has 
undergone regular revision, recent re-evaluation 
of the region has begun to demostrate that 
Foerste’s detailed work was truly incomparable. 
 
The aim of this meeting, hosted on the campus 
of the University of Cincinnati, is to bring the 
IGCP 591 community to this critical area for Ordovician and Silurian stratigraphy of the 
paleocontinent of Laurentia. Additionally, the ability to see multiple epicratonic basins in 
one meeting is ideal for the 2012 annual theme of IGCP 591: Global Sea Level and 
Sequence Stratigraphy.  
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INTRODUCTION 
The area of the Ohio River Valley in the Louisville area of north central Kentucky and 
adjacent Indiana ltransects the border between the intracratonic Illinois Basin and the 
western flank of the Cincinnati Arch (Fig. 1), a long lived positive basement structure that 
was most recently active as a forebulge during the late Paleozoic (Ettensohn, 1992; 2008). 
The Falls of the Ohio (Fig. 2), in particular, represents one of the classic regions for study 
of midcontinent Paleozoic rocks (Greb et al., 1993; Hendricks et al., 1994). The area was 
originally settled in part, because of the major rapids produced here in the Ohio River 
Valley where the river crosses a minor anticline that elevates the resistant beds of the 
Louisville and overlying Jeffersonville limestones. In the course of meandering in its 
valley, the Ohio River eroded largely into glacial and alluvial sediments, but here it 
intercepted the richly fossiliferous rocks of the Silurian Louisville Limestone and the 
Middle Devonian Jeffersonville Limestone, famed for its coral beds. The Falls of the Ohio 
area has yielded more than 600 named species of fossils and includes one of the most 
diverse coral assemblages in the entire geologic record (Stumm, 1964). Stratigraphy, 
paleontology, and economic geology of the Falls of the Ohio region has been well 
documented in numerous reports (Conkin and Conkin, 1972, 1976, 1980) and most 
recently by Greb and others (1993, 2009); Hendricks and others (1994). 
 
Erosion of the gently west dipping (<½°) strata has exposed a succession ranging from 
Upper Ordovician east of the Louisville area to Mississippian and lower Pennsylvanian 
strata in the plateaus to the west (Fig. 3). The western Cincinnati Arch provides a natural 
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laboratory for the study of Paleozoic cratonic thin, mixed siliciclastic-carbonate 
successions and facies transitional into an intracratonic basin. 
 
 
 
Figure 1. Regional geology of the US Midcontinent showing the major structural features. 
The study area (red box) lies at the boundary between the Illinois Basin and the 
Cincinnati Arch. (Modified from image on Astrobiology.net). 
 
 
SEDIMENTARY FACIES AND DEPOSITIONAL ENVIRONMENTS 
The local succesion in the vicinity of the Falls of the Ohio is dominated by limestones and 
dolostones with thin, but persistent shale intervals, some of which are richly fossiliferous, 
at least locally. These sediments accumulated on a continental platform and gentle 
westward sloping ramp into the Illinois Basin in the southern subtropics some 20º to 25º 
South latitude. Climates were predominantly warm, and cooler water conditions are 
probably not well represented in part because of their association with eustatic lowstands 
and erosion, although certain intervals in the Silurian may record cooler water facies (J. 
Thomka, unpublished data). 
 
Water depths were probably only a few tens of meters and some intervals show local 
peritidal facies with subtle tidally produced sedimentary structures (e.g. Upper Ordovician 
Saluda Dolostone). Certain levels such as the Brassfield show pelmatozoan grainstones 
and /or oolitic limestones suggesting high energy, “shoal water” conditions (Gordon and 
Ettensohn, 1984). Most of the succession, however, represents shallow shelf 
sedimentation below normal but above storm wavebase. The identification of distinctive 
assemblages of microendoliths produced by photoautotrophic algae and cyanobacteria in 
Upper Ordovician (Richmondian) beds indicates deposition in predominantly shallow 
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euphotic successions (Vogel and Brett, 2009). Brachiopod assemblages are typically 
identifiable as benthic assemblage (BA)-2 to BA (Boucot, 1972). 
 
 
 
 
Figure 2. Falls of the Ohio area near Louisville, KY. A) View of the river foreshore at the 
Falls of the Ohio, Louisville showing Devonian coral beds overlying Silurian 
Louisville Limestone. B) Map of Ohio River between Louisville, Kentucky and 
Jeffersonville, Indiana. 
 
 
The dominant background sedimentation was locally carbonate and a good deal of this 
accumulated as lime mud and silt in relatively calm water environments, athough storm 
effects, such as graded bedding and erosive surfaces with rip up clasts, are evident, 
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especially in the Ordovician successions. In many Silurian succesions (e.g., Laurel, 
Louisville) these carbonates show alternating horizons of heavily burrow mottled, sparsely 
fossiliferous lime mudstone (wackestone fabrics); Thalassinoides galleries in the beds 
may be accentuated by local rusty weathering dolomite and/or chert, the latter probablt 
locally sourced from siliceous organisms such as sponges. 
 
 
 
Figure 3. Stratigraphic column for the Paleozoic geology of the Louisville area (modified from 
Conkin et al., 1990). 
 
Although intrabasinal carbonates form the major background sediment, during much of 
the later Ordovician-Devonian, thin, but very widespread, sheet-like mudstone-dominated 
intervals form regional markers. These include parts of the Cincinnatian trilobite “butter 
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shales” and the Silurian Massie and Waldron Shales. Such intervals show evidence of 
episodes of abrupt input of siliciclastic muds over broad regions. Evidently, at times, the 
region received major influxes of sediment from eastern orogens. The processes 
responsible remain enigmatic but we surmise that they involved broadly dispersed plumes 
of fine-grained sediments, possibly spread on the sea surface or along internal boundary 
surfaces. Possibly these pulses followed extremely severe flooding events, oversized 
storms, or tsunamis which produced mass inundation and offshore directed hyperpycnal 
sediment flows. But overall cause of these mud sedimentation intervals remains 
enigmatic. They appear to be associated with eustatic highstands and/or tectophases that 
provided more siliciclastic debris to the basin. 
 
SEQUENCE AND CYCLE STRATIGRAPHY 
The western Cincinnati Arch intracratonic succession is laced with unconformities, some 
of which are quite extensive and bound packages identified as supersequences of Sloss 
(1963). These include the Ordovician-Silurian Cherokee Unconformity and the Silurian-
Devonian Louisville paraconformity, which spans over 30 million years, an interval 
greater than the entire Silurian Period. These large gaps record both far-field tectonic 
(epeirogenic uplift and subsidence) and eustatic lowstand erosion effects, which produced 
extended periods of exposure, karstification and erosion. However, in most cases the 
dynamics of ravinement erosion during transgressions has smoothed these erosion 
surfaces to nearly planar “submarine peneplanes”. 
 
 In many cases, erosion at disconformities has produced a stacking of earlly transgressive 
successions upon one another with limited preservation of later highstand phases. 
However, in some cases, brief interludes of rapid sedimentation during highstands were 
preserved in extraodinary detail. For example, the Saluda Dolostone represents a relatively 
thick (5-10 m) interval of tidally laminated dolostone all of which was deposited close to 
mean sea level as indicated by desiccation cracks and deformed laminae. This would 
appear to record a delicate balance between sedimentation and accomodation space, 
during slow sea level rise. 
 
Recent research has emphasized subdivision of these strata into a series of depositional 
sequences, which can be correlated easteward into the Applachian Basin where they 
become nearly conformable, although the larger facies dislocations can still be identified 
as successions become increasingly conformable. Thus, for example, Holland (1993) and 
Holland and Patzkowsky (1996) subdivided the Cincinnatian succession into a series of 
six depositional sequences, which they labeled C1 to C6 (Fig. 4); these correspondended 
approximately to some of the previously recognized lithostratigraphic units. Recent work 
has been directed toward refining and further subdivided these sequences. For example, 
study of the Maysvillian (mid Katian) age strata by Schramm (2011) resulted in 
identification of four sequences within Holland Patzkowsky’s C2 and C3 sequences (Fig. 
5). Likewise, our recent work has attempted to extend a series of Silurian third- and 
fourth-order sequences, identified in Ontario, New York and the central Appalachians 
(Brett et al. 1990, 1998) into the cratonic successions of the Cincinnati Arch. Thus, we 
now recognize approximate in the Cincinnati Arch, the thin equivalents of the S-I 
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(Brassfield, in part), S-II (Noland Formation; removed along the western Cincinnati 
Arch), S-III (Waco and Lee Creek formations), and S-IV (Estill-Ogood formations). 
 
 
 
Figure 4. Cincinnatian sequence stratigraphy. From Holland and Patzkowsky (1996) 
http://strata.uga.edu/cincy/strata/3rdOrderSequences.html. 
 
 
The equivalents of the higher S-V and S-VI sequences, while readily recognizable along 
the southeastern Cincinnati Arch (foreland basin) sections, are somewhat more 
controversial along the western Arch. Brett and Ray (2005) and McLaughlin and Brett in 
McLaughlin et al. (2008) identify the Lewisburg (mid Osgood carbonate of earlier 
workers) and overlying Massie Shale as equivalents of S-V Irondequoit and Rochester 
formations, while condont and carbon isotope studies of Cramer and Kleffner (also 
reported in McLaughlin et al., 2008) suggest that these units may instead belong to S-VI 
making them equivalent to parts of the Lockport Group in New York. Ongoing work is 
directed to resolving this dilemma. 
 
These large and medium scale cycles (3rd and 4th order sequences) provide useful 
approximate chronstratigraphic units and their widespread distribution across cratonic and 
foreland basin successions strongly implicates a eustatic origin. However, local 
thickening, especially in areas of minor structural basins, and enhanced erosion at local 
arches demonstrates the importance of far-field tectonic effects in the Ordovician Taconic 
and Silurian-Devonian Salinic-Acadian Orogenic events (Ettensohn, 1992, 2008). 
Depocenters and minor arches were not stationary. Rather, they appear to have been 
dynamic and shifting through time, probably in response reactivation of basement faults 
that localized crustal blocks, which could result in uplift or subsidence at different times. 
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Figure 5. Modified lower Cincinnatian (Maysvillian) sequence stratigraphy. Showing 
division of Holland and Patzkowsky’s (1996) Sequences C2 through C4 into four 
distinct depostional sequences labeled L-Fv, UFv-Mi, Bv-Cv, and Mt. A-Su. 
Cincinnatian nomenclature, modified from Schramm (2011); Brett et al. (2012). 
Colors represent dominant lithologies of associated units, however, this color 
scheme does not account for facies variations across the Cincinnati Arch. Blue 
represents dominantly carbonate pack to grainstone intervals, Pink represents 
deformed siltstone horizons, green represents mudstone-rich intervals, and yellow 
(lemon) represent argillaceous rubbly bioclastic packstone intervals. The black 
curve illustrates variations from high sea level on the left to low sea level on the 
right. A series of 3rd order sequences are shown, U Kp (Upper Kope); L Fv 
(Lower Fairview), composed of the North Bend, Wesselman, Reidlin, and Hooke-
Gillespie submembers; U Fv-Mi (Upper Fairview-Miamitown) composed of the 
Lawrenceburg, Lower Hill Quarry, Upper Hill Quarry, and Miamitown 
submembers; Bv-Cv (Bellevue-Corryville), composed of the Bellevue and 
Corryville Mbrs. of the McMillan/Grant Lake Fm.; and Mt. A-Su (Mt. Auburn-
Sunset), composed of the Mt. Auburn Mbr. of the McMillan/Grant Lake Fm. and 
Sunset Mbr.; O-W (Oregonia Waynesville). Changes from the Jessamine Dome 
to Sebree Trough represent an approximate paleo-ramp from Southeast to 
Northwest. Missing strata below the Bellevue Mbr. in the Jessamine Dome region 
indicate the presence of an unconformity. 4th order sequences include the GA 
(Grand Avenue), TM (Taylor Mill), NB-WM (North Bend-Wesselman), RL 
(Reidlin), H-G (Hooke-Gillespie), LB-LHQ (Lawrenceburg-Lower Hill Quarry), 
UHQ (Upper Hill Quarry), MI (Miamitown), BV (Bellevue), L Cv (Lower 
Corryville), U Cv (Upper Corryville), L Mt. A (Lower Mt. Auburn), U Mt. A 
(Upper Mt. Auburn), and S (Sunset). 
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Many of the larger depositional sequences preserve internal frameworks of smaller, meter-
scale cycles and certain intervals show distinctive patterns of rhythmic bedding that 
appears to represent diagenetic carbonate overprint on primary cycles. Most of these 
appear in the late highstands of sequences when conditions in the interior seaway were 
posied between carbonate and siliciclastic clay deposition. Recent studies of Thomka et al. 
(2012) reveal that distinct patterns of alternating carbonates and shales can be traced over 
vast distances. We suggest that these bedding successions reflect widespread climatic 
oscillations. These may have led to alternating increases in siliciclastic sedimentation and 
sediment starvation, which promoted increased local carbonate prooduction. 
 
BIOSTRATIGRAPHY AND CHEMOSTRATIGRAPHY 
Building on the classic studies of conodont biostratigraphy (Rexroad, 1967, 1980; Nicoll 
and Rexroad, 1968; Rexroad and Kleffner, 1981), newly refined conodont zonation 
provides an increasingly refine dframework of the ages of the Silurian rocks (Kleffner et 
al., 2008, 2012). These studies are increasingly coupled with alternative techiniques, such 
as magnetic susceptibility, which provides a proxy record for input of magnetizable iron 
into the interior seaway (Ellwood et al., 2007, in press; Schramm, 2011, in prep). These 
studies also have the potential to identify periodic cycles such as Milankovitch band 
oscillations in climate/sea level. 
 
Finally, another major boon to the understanding of correlations and environmental 
processes is the increasing application of chemostratigraphy to these rocks. Remarkably, 
despite dolomitization and other diagenetic effects, stable carbonate carbon isotopes yield 
relatively consistent patterns in sections already correlsted on independent means and the 
generation of isotopic curves for a number of location sections has led to the identification 
of distinctive negative and postive isotopic excursions which appear to be realted to 
changes in the global carbon cycle, inparticular the burial of organic matter in the global 
oceans which leads to gradual increase in carbon isotope values. 
 
Work summarized by Bergstrom et al. (2010) is leading to a standardized isotopic curve 
for the Ordovician (Katian: Mohawkian and Cincinnatian strata in the Cincinnati Arch and 
beyond (Fig. 5). These studies identify major excursions such as the Guttenburg (GICE), 
Kope, Fairview, and Elkhorn (the latter three named for clasic Cincinatian units). In like 
manner, studies by Cramer et al. (2005, 2007), McLaughlin et al. (2008) and abundant 
unpublished data of Cramer and McLaughlin have enabled identification of the global 
Valgu, Sheinwoodian of Iriveken, Homerian or Mulde, and controversially, the major Lau 
positive excursions. Even more minor shifts or events such as the early Sheinwoodian 
Ansarve negative excursion may be identiable within these rocks. These studies combined 
with increased interest on high-resolution biostratigraphy, sequence and cyclestratigraphy, 
are providing a new view of these classical stratigraphic sections.  
 
SUMMARY OF UPPER ORDOVICIAN AND SILURIAN STRATIGRAPHY IN 
THE WESTERN CINCINNATI ARCH REGION 
Upper Ordovican Stratigraphy 
Ordovician strata exposed on the west side of the Cincinnati Arch Range are exclusively 
Upper Ordovician (Katian; Cincinnatian) the High Bridge and Lexington Formations are 
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not exposed. The lowest well exposed beds are those of the Upper Ordovician (Katian; 
Edenian) Kope Formation. The Kope Formation is typified by cyclic alternations of 
medium gray mudstones/shales and thin shell hash limestones. This unit has been the 
subject of numerous studies of sedimentology (e.g. Tobin, 1982; Jennette and Pryor, 
1993), faunal gradients (Holland et al. 2001, Miller et al. 2001; Holland and Patzkowsky, 
1996; McLaughlin and Brett, 2007;McLaughlin et al., 2008; Brett et al., 2003, 2008) 
microstratigraphy, sequence stratigraphy (Holland, 1993; Holland et al. 1997) and 
magnetic susceptibility (Ellwood et al., 2007, in press). These studies are most recently 
summarized in detail by Brett et al. (2012) and the reader is refered to that volume.  
 
Along the western part of the Cincinnati Arch the Kope is richly fossiliferous and borders 
on “Clays Ferry” facies; i.e., approximately 50:50 limestone and shale. Recent isotopic 
studies have revealed the presence of a strong positive isotopic excursion in the middle 
part of the Kope, which has been termed the KOPE excursion (Bergstrom et al., 2010; Fig. 
6). 
 
Sequence C-2; Fairview Sequences: The Fairview Formation (commonly called Calloway 
Creek Fm in Kentucky!) is typically developed with abundant stacked shell beds rich in 
Rafinesquina, and ramose, massive and foliose bryozoans In the vicinity of 
Lawrenceburg, indiana and extending westward at least to the area of Trimble County the 
Fairview is now subdivisible into a lower and upper depositional sequence. The lower 
comprises a very distinctive marker beds at the base, which are everywhere similar: 
Observation of an erosional contact between the Z-bed and underlying Kope or equivalent 
Garrard siltstone permits recognition of the sequence boundary. 
 
A compact Dalmanella rich limestone sometimes referred to as the Z bed and overlying 
60-80 cm thick gray shale ("Two-foot" shale of authors), a 15-25 cm packstone and 15-20 
cm shale at the base a re variously interpreted as a lowstand or early TST ; as in the 
Maysville area, this basal package is followed by about 3 m of stacked Dalmanella-rich 
packstones of the North Bend sumember, recording a condensed TST, and then shaly to 
silty succession known as Wesselman and upper Reidlin submember including somewhat 
thicker siltstones, the latter succession recording a complex highstand/falling stage, 
equivalent to the distinctive ball and pillow horizons of the Hook Gillespie submember 
but no such thick deformed siltstones occur on the west side of the Cincinnati Arch. 
 
As a result of subtle changes in basin topography shallow marine strata of the upper 
Maysvillian Stage display local variations in sedimentary facies throughout Kentucky. 
Characterization of these different facies by giving them lithostragraphic unit names, and 
the use of state-specific names and boundaries have resulted in a complex 
lithostratigraphic nomenclature (Weir et al., 1984). The upper Maysvillian throughout 
northern Kentucky is generally assigned to the Grant Lake Formation, an interval 
approximately synonymous with the McMillan Formation of Ohio. However, the Grant 
Lake facies is considered to interfinger with various members of the Ashlock Formation, a 
somewhat different lithofacies, including peritidal facies. 
  10 
 
Figure 6. Stratigraphic column of the Upper Ordovician Mohawkian-Cincinnatian in the 
Cincinnati Arch region coupled with a composite isotopic curve showing major 
positive excursions. From Bergström et al. (2010). 
 
The second Fairview sequence comprises compact skeletal pack and grainstones 
(Lawrenceburg submember (TST) at its base and passes upward into a succession of thin 
to medium compact skeletal limestones alternating with shales (Hill Quarry beds of the 
Cincinnati region) and these in turn into a thicker gray silty, mollusk -rich shale: 
Miamitown. 
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In the field area of northern Kentucky most of the Grant Lake Formation constitutes a 3rd 
order depositional sequence that coincides in part with Holland and Patzkowsky’s (1988) 
C-3 sequence alth ough we recognize different boundaries. The basal unit of the Grant 
Lake/McMillan is a cross-bedded crinoidal grainstone, herein termed Bellevue Member; 
this appears to represent a transgressive lag deposit. Further south the same unit has been 
referred to as the lower Gilbert Member of the Ashlock Formation (Weir et al., 1984). 
This basal unit displays herringbone cross stratification and appears to record a 
transgressive tidally influenced bar facies; it is overlain by oncolitic packstones (variously 
called upper Gilbert or lower Corryville). The middle Corryville shows rubbly nodular 
limestones replete with Platystrophia ponderosa, Hebertella, large massive bryozoans 
(Monticulipora), and other fossils typical of the Grant Lake lithofacies; this rich and 
beautifuly preserved but rather depauperate fauna typifies the upper Maysvillian stage. 
The middle-upper Corryville (or Grant Lake sensu stricto) is interpreted as highstand to 
falling stage deposits of the upper Maysvillian depositional sequence. 
 
A next higher depositional sequence which spans the traditional Maysvillian-Richmondian 
boundary and comprises phosphatic, crossbedded grainstone of the Mount Auburn (also 
called and gradational southward into peritidal facies termed Terill Member of the 
Ashlock Formation. A sharp discontinuity with the overlying Sunset Shale reflects a major 
flooding surface. 
 
Sequence C-4; The Arnheim (Ohio) or Bull Fork: The Arnheim (Ohio) or Bull Fork, in 
part (Kentucky) Formation comprises 21-30 m (70-100’) of interbedded medium dark 
greenish gray shale and skeletal pack- and grainstone. The Arnheim is interpreted herein 
as the highstand systems tract of sequence C-4, the TST of which is represented by the 
Mount Auburn Formation. 
 
Sequences C 5A-C 
Sequence C5A. The Rowland Member of the Drakes Formation (Waynesville Formation 
in Indiana/Ohio) comprises12-15 m (40-50’) of argillaceous dolomitic packstones with a 
middle greenish gray shale interval and locally, a coral biostrome, the Fisherville “reef” 
with colonial rugosans and tetradiids (Brown, 1964; Kepferle, 1976a,b). The lower 
typically baren greenish dolomitic shales of the Rowland may represent the Oregonia 
Member of the Arnheim. However, beds above the Fisherville coral horizon are thought to 
represent the Waynesville Formation of Indiana. 
 
Coral-rich layers are interbedded with dark, organic-rich shales containing carbonaceous 
bifurcating stains, possibly remains of dasyclad algae. These beds form a relatively low 
siliciclastic division interpreted as the TST of this sequence. 
 
A lenticular gastropod grainstone, the Marble Hill bed, is present within this interval on 
the western flank of the Cincinnati Arch. It is unusual in showing robust, three-
dimensional preservation of high-spired gastropods and other mollusks. This bed appears 
to record a large bar-form of reworked, early diagenetically replaced molluscan shells; we 
would associate is tentatively identify this unit as a transgressive shoal facies; however, its 
stratigraphic and taphonomic significance are currently under study (B. Dattilo, personal 
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communication, 2009). The overlying beds, assigned in Kentucky to the Rowland and 
lower Bardstown members of the Drakes in Kentucky, are poorly understood at this time. 
 
Most beds of the Rowland Member and lower Bardstown Member in north central 
Kentucky are strongly bioturbated muddy packstones or wackestones. Spheroidal colonies 
of bryozoans of the genus Cyphotrypa (or Homotrypa) are abundant in an interval near the 
base. The middle shaly zone shows sparse body fossils, but bears distinctive burrows 
commonly lined with bright green glauconite, and scattered brachiopods including 
Hebertella, Platystrophia, the bivalves Ambonychia and Modiolopsis, small gastropods 
and nautiloids. These beds represent the HST of the sequence. 
 
The Waynesville (Bardstown) fauna records a first return of many coral genera following 
prolonged outage of perhaps 5-6 million years in the late Chatfieldian to early 
Cincinnatian and may record a warming trend that ushered in the so-called Richmondian 
Invasion (Holland, 1997; Patzkowsky and Holland, 1993, 1996). This biotic change 
appears to be associated with large physical changes including disturbances of the carbon 
cycle as indicated by a strong positive carbon isotopic excursion, the lower Waynesville 
excursion of Bergström et al. (2010). 
 
Sequence C5B. The middle/upper Bardstown Member of the Drakes are essentially 
equivalent to the Liberty and lower Whitewater formations of Indiana and Ohio (Peterson 
et al., 1971; Peterson, 1981). A coarse cross-bedded grainstone occurs locally in the 
Bardstown Member (Kepferle, 1977). The overlying rubbly packstone beds near the 
middle of the Bardstown Member bluish gray limestone contains a coral-rich biostrome, 
termed the Bardstown “reef”, is especially well developed south of Louisville near 
Bernheim Woods and Bardstown; this biostrome, termed the Bardstown reef by (Foerste 
1912) carries abundant small, solitary rugose corals (Grewinkia), and colonial rugosans, 
favositids, tetradiids and curious elongate stromatoporoid Aulacera (Browne, 1964; 
Hatfield, 1968). 
 
This coral bed appears to record a condensed, transgressive inteval during which 
sedimentation rates were reduced enabling colonial corakl colonization of major tracts of 
seafloor. The overlying succession consists of 11-15 m (35-50’) densely packed, shaly 
limestone rich in whole and fragmentary valves of brachiopods, such as the strophomenids 
Strophomena, Leptaena, and Rafinesquina, the orthids Hebertella, and Platystrophia 
(Vinlandostrophia), and the rhynchonellid Hiscobeccus capax. This diverse fauna records 
a strong phase of the Richmondian Invasion (Holland, 1997; Holland and Patzkowsky, 
2007; Fig. 5) These fossil-rich beds pass upward into brownish weathering, blocky, 
argillaceous siltstones and calcareous mudstones, with abundant trace fossils particularly 
Planolites and Chondrites, as well as scattered, typically articulated bivalve molds, which 
commonly display black periostracal films. In addition, some carbonized remains of 
possible green algae are present. The basal calcarenite and overlying Bardstown biostrome 
are interpreted as a TST, whereas overlying beds are dominantly HST and the blocky, 
silty mudstone near the top represents FSST deposits. 
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The Liberty displays very low carbonate δ13C isotopic values, with only a minor elevation 
in the lower Whitewater. The overlying Saluda Formation continues the trend of low 
isotopic values. 
 
C5C. Saluda Member of Drakes Formation 
The lower Saluda Member (lower Whitewater Formation in Indiana, in part) is sharply set 
off from the underlying dolomitic mudstones by a surface interpreted as a sequence 
boundary. In some sections a basal conglomerate with clasts derived from underlying 
Bardstown mudstones occurs at the base of the Saluda Member (Hatfield, 1968; (Figs.7-
8). The overlying 2 to 3 m (6-10’) thick to massive-bedded dolostone and dolomitic 
limestone contains very abundant, white weathering ramose bryozoans, in addition to 
scattered 30-40 cm heads of colonial rugose corals (Cyathophylloides, Foerstephyllum). A 
distinct interval of two or more closely spaced coral biostromes above this bed, 
collectively termed the “Madison reef” is interpreted as a later TST/condensed section of 
this sequence. The latter contain abundant colonial rugosans, as well as rare 
stromatoporoids and tetradiids. These coral beds are separated by medium gray somewhat 
silty mudstones, which may pass laterally into biostromes of fragmented bryozoans. The 
upper bed is overlain by a regionally widespread, thin interval of dark gray, laminated 
shale, possibly a maximum flooding zone. A thick, blocky carbonate, 90 to 150 cm thick, 
herein termed the “Sligo bed”, occurs at the transition between the lower and upper 
submembers of the Saluda Dolostone. 
 
The upper submember of the Saluda Member consists of massive, rhythmically- laminated 
pale orange-buff weathering argillaceous dolostones up to 12 m (30-35’) thick. Even to 
gently wavy laminae suggest tidal silts with mud drapes; scattered desiccation cracks, 
minor scours and small vertical burrows indicate very shallow, subtidal to intertidal 
depositional settings. This interval is interpreted as late HST or FSST. (Fig.8). 
 
Saluda Member is in turn sharply overlain by moderately fossiliferous limestones and 
dolostones variably referred to as the upper Whitewater or Hitz beds near Madison, 
Indiana. Small thrombolitic mounds occur on the upper surface of the basal 30-40 cm bed. 
Fossils in higher units include ramose bryozoans, small brachiopods and a distinctive 
small mollusk fauna that includes gastropods (Cyclora) and small bivalves (Ctenodonta, 
Lyrodesma) that are locally phosphatized and may weather freely from the rock. This 
fossiliferous carbonate is interpreted as the TST of Holland’s (1993) C6 sequence. A 
relatively strong isotopic excursion, termed the Elkhorn Excursion by Bergstrom et al. 
(2010) commences in the uppermost beds of the Richmondian (Elkhorn) and continues to 
an extremely high peak in the Hirnantian. 
 
Silurian Geology of southeastern Indiana and west-central Kentucky  
The Silurian geology of southeastern Indiana and adjacent west-central Kentucky has a 
long history of study that began with the pioneering efforts of Owen (1838, 1839, 1857). 
Stratigraphic and paleontological studies that took in the whole of the Silurian in this area 
were completed by Foerste (1897, 1898), Busch (1939), and Kovach (1974). French 
(1968) studied the lithostratigraphy and petrography of the Silurian rocks of southeastern 
Indiana and Peterson (1981) extended those studies into west-central Kentucky. 
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Figure 7. Bardstown-Saluda members (of Drakes Formation) contact interval at Stop 1. 
 
A B 
 
Figure 8. (A) Drakes-Saluda contact. (B) Close-up of the basal few centimeters of the 
Saluda Formation showing a dolostone- and phosphate-pebble bed. 
 
 
Surprisingly, the Silurian strata of this area have received more detailed study than west-
central Ohio. Although, several studies have stretched from southeastern Indiana into 
west-central Ohio (e.g., Busch, 1939; Kovach, 1974), exploiting the great similarity in the 
strata on either side of the state line. The stratigraphic units assigned in southeastern 
Indiana and west-central Kentucky include the (informal) “white” and “golden” members 
of the Brassfield Formation, Lee Creek Member of the Brassfield Formation, “lower 
Osgood limestone”, “lower Osgood shale”, “upper Osgood limestone”, “upper Osgood 
shale”, “vuggy member” of the Laurel Dolostone, “quarry stone member” of the Laurel 
Dolostone, Waldron Shale, Louisville Limestone, and Wabash Formation. The Osgood 
and Laurel Formations have been lumped as “Salomonie Dolomite” by Pinsak and Shaver 
(1964). Detailed studies of the Silurian of southeastern Indiana and west-central Kentucky 
are readily separated into four groups: Brassfield Formation, Osgood and Laurel 
formations, Waldron Shale, and Louisville and Wabash formations. 
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“White”, “golden”, and Lee Creek members of the Brassfield Formation 
The first detailed studies of the Brassfield in this area were by Foerste (1904). He 
completed one of most highly detailed studies of the S/O boundary interval in this area, to 
date. He recognized that the “white” Brassfield of west-central Ohio could be correlated 
across the state line into central Indiana, but pinched out under the overlying “golden” 
Brassfield (which he correlated to the “red” Brassfield of west-central Ohio) into 
southeastern Indiana. Rexroad (1967, 1980) and Nicoll and Rexroad (1968) added 
additional lithostratigraphic and conodont biostratigraphic data and designated the Lee 
Creek Member of the Brassfield Formation. This area was included in the regional facies 
analysis of the Brassfield completed by Norrish (1991). 
 
The occurrence of conodonts diagnostic of the Pt. eopennatus Zone in the Lee Crrek 
Member indicate a Telychian age for this bed; this fact, together with remarable 
lithological similarities to the two part, orange weathering dolostones of the lower 
carbonate member of the Waco Formation on the southern Cincinnati Arch strongly 
suggest that the Lee Creek actually is the lower Waco and is probably coextensive. 
 
Osgood and Laurel formations 
Foerste (1897, 1898) studied stratigraphy and paleontology the Osgood and Laurel 
formations across most of southeastern Indiana. The paucity of macrofossils throughout 
much of this interval has precluded detailed paleontological study of all but a few 
horizons, which, by contrast, have yielded incredibly diverse assemblages. For example, 
the Lewisburg Formation (formerly termed “upper Osgood limestone”) and Massie Shale 
(formerly “upper Osgood shale”) contain a rich fossil fauna (e.g., Hall, 1879, Foerste, 
1879, 1923), as does the top of the Laurel near St. Paul, Indiana (Hall, 1882). Priddy 
(1938) analyzed the petrography of the carbonates in this interval and Nicoll and Rexroad 
(1968) and Rexroad (1980) studied the lithostratigraphy and conodont biostratigraphy. 
Boneham and Masters (1973) found abundant chitinozoans in the Osgood and a paucity in 
the Laurel. Recently Brett et al. (in press) reviewed and revised the litho- and sequence 
stratigraphy of the Osgood, Lewisburg, and Massie Formations. 
 
The macrofaunas of the Massie Shale are well preserved in the less dolomitized facies 
near Osgood and Napoleon, Indiana and have yielded a fauna of more than 160 species of 
small corals, bryozoans, brachiopods, mollusks, pelmatozoans, trilobites and others (see 
tables 45.41 to 45.43 in Frest et al., 1999) In particular, the bryozoan fauna of over 50 
species almost completely overlaps that of the early Wenlock (Sheinwoodian) Rochester 
Shale in the Appalachian Basin (Bassler, 1906) and there are close similarities with 
unique pelmatozoan faunas of the latter unit including the coronoid Stephanocrinus cf. 
angulatus Conrad and Cupulocorona gemmiformis (Hall), the rhombiferan Caryocrinites 
cf. ornatus Say, and the unusual disparid crinoids Paracolocrinus paradoxicus Brett; 
Calceocrinus spp., Eohalysiocrinus cf. stigmatus (Hall) and others. These remarkable 
similarities, as well as sequence stratigraphic analogies, strongly suggest a correlation of 
the Massie (upper Osgood) Shale with the Rochester Shale (K. ranuliformis Zone to 
Ozarkodina sagitta rhenana Zone). This putative correlation corroborates suggestions 
above that the underlying Lewisburg bed may belong to the K. ranuliformis Zone and the 
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Massie to the K. ranuliformis or O. s. rhenana Zones (but see McLaughlin et al., 2008 for 
alternative interpretation by B. Cramer and M. Kleffner). 
 
The occurrence of coronoids (Stephanocrinus, Cupulocorona) and the “cystoid” 
Caryocrinites in both the Lewisburg dolostone and correlative Irondequoit Limestone 
(Frest et al., 1999; see p.726-730) is indicative of newly established immigration routes 
associated with the Ireviken Bioevent. The hemicosmitids originated in SE Asia (Burma) 
in the Ordovician and immigrated temporarily to Baltica and Avalonia within that period. 
Likewise, coronoids appear to have originated in Perunica (Bohemian region) and then 
spread to Baltica and Avalonia during the Late Ordovician and finally reached Laurentia 
in the medial Silurian (Telychian-earliest Wenlock; Frest et al., 1999, 2011). 
 
Conversely a diversity of diploporan cystoids apparently evolved in relative isolation in a 
local shallow platform area in present day SE Indiana referred to as “Ripley Island”. The 
high species diversity (five species in a single bed) of Holocystites and the existence of 
seven distinct diploporan genera strongly suggests the development of a local evolutionary 
radiation (analogous to a species flock) on a semi-isolated shallow platform (Frest et al., 
1999). The endemic occurrence of these cystoids, in contrast to most other taxa, which are 
common to the Appalachian basin, may point to weak dispersal capacities in the 
diploporans. 
 
Condonts from the Lewisburg and Massie in Ohio include K. walliseri indicative of the 
lower K. walliseri Zone. This evidence would appear to correlate the Lewisburg and 
Massie not with the faunally similar Irondequoit-Rochester (sequence S-V) succession of 
the Appalachian Basin, but rather with the upper Goat Island Formation of the Lockport 
Group (S-VI). This further suggests major removal of strata within or at the base of the 
Lewisburg, for which there is little or no field evidence. 
 
Recent carbon isotopic studies have revealed steadily rising values in the Osgood 
Formation that indicate that these beds preserve the rising limb of the Ireviken (early 
Sheinwoodian) postive excursion. A sharp drop in the overlying upper Lewisburg and 
basal Massie are variably interpreted Cramer (in McLaughlin et al., 2008) interpets these 
as indicating a strong truncation of section with a near absence of sequence S-V of the 
Appalchian Basin at a major unconformity within the Lewisburg Formation. Converse, 
McLaughlin and Brett (in McLaughlin et al. 2008, and unpublished) find no evidence for 
a major unconformity at this level, argue that fauans are fundamentally similar from the 
basal Lewisburg into the Massie, and interpret this negative deflection as preservation of 
the Ansarve event recognized in the lower Sheinwoodian of Gotland. 
 
Unpublished high resolution data of P.I. McLaughlin indicates strong similarities in the 
detailed patterns between sections separated by tens of kilometers and this consistency of 
pattern suggests that sequence stratigraphic correlations across the Cincinnati Arch (Fig. 
9) may be valid despite discrepancies in conodont data between these areas. Further data 
may help resolve these conflicting interpretations. 
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Figure 9. Comparison of stratigraphy and isotope curves from two Silurian successions 
separated by approximately 150 km (left column NE; right column SW)  but 
close to same depositional strike. Note strong similarities of curves particularly 
in the vicinity of the datum line. 
 
Laurel Dolostone 
A sharp and apparently erosive contact separates the upper Massie shaly carbonates from 
the overlying (10-13m) Laurel Dolostone. The basal unit comprises massive vuggy 
dolostone, originally fine-grained grainstones and wackestones with layers of chert 
nodules that locally passes into limestone. Fossils are scarce at most sites, probably owing 
to diagenetic destruction, but in the vicinity of St. Paul, Indiana where the Laurel is only 
slightly dolomitized, this interval yields a highly diverse and unique echinoderm fauna 
with over 60 species of crinoids, including many unique genera (Frest et al., 1999); 
brachiopods, bryozoans and corals are suprisingly infrequent. This interval may be coeval 
with the Euphemia Dolostone of Ohio (McLaughlin et al., 2008). 
 
The second unit is more tabular, medium-bedded, pale buff dolostone with a fine-grained 
sucrosic texture, white chert bands. This interval is sparsely fossiliferous but yields 
articulated Calymene trilobites. The distinctive lithological and taphonomic characteristics 
of this unit closely resemble those of the Springfield Dolostone of Ohio. These facies are 
considered to represent deeper shelf, low energy setting with intermittent resuspension of 
sediments. Abundance of pentamerid brachiopods in Ohio, however, suggests a BA 3 
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postion for these tabular beds as with the underling, more bioturbated Euphemia. Both 
units may show chert-filled Thalassinoides galleries. 
 
The second unit is more tabular, medium-bedded, pale buff dolostone with a fine-grained 
sucrosic texture, white chert bands. This interval is sparsely fossiliferous but yields 
articulated Calymene trilobites. The distinctive lithological and taphonomic characteristics 
of this unit closely resemble those of the Springfield Dolostone of Ohio. These facies are 
considered to represent deeper shelf, low energy setting with intermittent resuspension of 
sediments. Abundance of pentamerid brachiopods in Ohio, however, suggests a BA 3 
postion for these tabular beds as with the underling, more bioturbated Euphemia. Both 
units may show chert-filled Thalassinoides galleries. 
 
The Laurel, like the Euphemia and Springfield formations, in Ohio shows a rather flat, 
curve of low carbon isotope values. Such a profile may indicate correaltion with the upper 
Lockport Group in New York. 
 
Waldron Shale 
The Waldron Shale is one of the most highly studied units in the Silurian of the Cincinnati 
Arch. The majority of detailed studies of the Waldron pertain to its locally well preserved 
macrofauna (e.g., Hall, 1882; Halleck, 1973; Rigby et al., 1979; Frest and Strimple, 1982; 
Peters and Bork, 1998, 1999; Watkins and McGee, 1998). The taphonomy of this 
macrofauna was studied by Feldman (1989) and Beier et al. (1991). Small bioherms found 
near the top of the Waldron Shale have been studied by Archer and Feldman (1986) and 
Schmidt (2006). The microfauna of the Waldron Shale has also received attention. The 
chitinozoans were studied by Chaiffetz (1972) and Boneham and Masters (1973). A large 
and diverse assemblage of arenaceous foraminifera were studied by McClellan (1966) and 
Coryell (1936) studied the ostracods. Price (1990), Kindle and Barnett (1909), Esaray et 
al. (1947), Esaray and Bieberman (1948), Brown et al. (1958), Conkin et al. (1992a-b), 
and Peterson (1981) correlated surface and subsurface sections the Waldron. The Waldron 
was also considered as a key to understanding in the broader sequence stratigraphic 
patterns of the Silurian of the Great Lakes area (Shaver, 1996). Conodont samples 
(Rexroad et al., 1978) revealed few diagnostic species. 
 
Recently, carbonate carbon isotopic studies of the Waldron in the vicinity of Newsom, 
Tennessee revealed the presence of a two pronged positive carbon isotope excursion 
(Cramer et al, 2008, 2009). Subsequently a nearly identical pattern has been determined in 
the Waldron of southern Indiana, which also shows a similar three-part division as in 
Tennessee. The distinctive nature of the Waldron isotopic excursion, coupled with the 
relatively sparse conodont data indicates that this isotopic excursion represents the Mulde 
Event recognized by Jeppsson. 
 
Louisville and Wabash formations 
The stratigraphy, sedimentology and macrofaunal composition of the Louisville 
Limestone has been studied in southern Indiana and west-central Kentucky by Butts 
(1915), Browne et al. (1958), Conkin et al. (1992a-b), and Conkin (2001), amongst others. 
These authors published many stratigraphic columns of the Louisville Limestone and 
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surrounding strata in the Louisville area. Phelps (1990) recognized seven distinct 
lithofacies within the Louisville Limestone that suggested that this massive unit represents 
a variety of depositional environments from peritidal to subtidal (above storm wavebase). 
Anderson (1980) studied the reefs of the Louisville Limestone in Bullit County, 
Kentucky. Butts (1915) recorded an incredible diversity of corals (113 species) and 
brachiopods (61 species) as well as other macrofauna in the Louisville. 
 
The Wabash Formation has primarily been studied in the northern part of Indiana (e.g. 
Pinsak and Shaver (1964) and Rexroad et al. (1974)) where it is divided into the 
Mississinewa and Liston Creek members. Currently only four exposures (quarries) of the 
Wabash are known in southeastern Indiana. In many places the Wabash and even most of 
the Louisville are missing beneath Lower-Upper Devonian strata. The Wabash Formation 
of southern Indiana is the more calcareous lateral equivalent of the Mississinewa Shale of 
central and northern Indiana. Rexroad et al. (1978) studied the conodonts of the lower 
Wabash Formation in this area and found diagnostic species, which suggested an early 
Ludlow age. 
 
Louisville (Wallbridge) unconformity 
The Silurian strata in the vicinity of southeastern Indiana extend no higher than the 
Wabash beds as higher units, if once present, have been truncated by a sharp but 
remarkably cryptic unconformity referred to as the Louisville Paraconformity or 
Wallbridge Unconformity of Dennison and Head (1975). This is the exemplar of a 
paraconformity as it is a nearly planar contact of two carbonates (packstones, rudstones) 
of similar color and weathering characteristics, the Louisville or Wabash formations of 
Silurian (Ludlow) age and the overlying Jeffersonville Limestone of Middle Devonian 
(latest Emsian -Eifelian) age. Both under- and overlying units may be rich in corals, but 
whereas the Louisville-Wabash have abundant syringoporids, small favositids and 
Halysites, the famed Falls of the Ohio coral bed of the Jeffersonville Formation shows 
abundant large rugose corals and Favosites. The planar contact, often difficult to locate in 
sections around Louisville, represents a hiatus of 30 to 35 million years but its planar 
topography was probably created during transgessive ravinement associated with 
Devonian sea level rise. 
 
CONCLUDING REMARKS 
The Ordovician and Silurian strata of the Cincinnati Arch are well exposed, tectonically 
simple, and richly fossiliferous. They are once again becoming the subject of intensive 
studies of several new sorts. High-resolution sequence stratigraphic studies, combined 
with conodont biostratigraphy, magnetic susceptibility, and carbon isotope 
chemostratigraphy hold much promise for a highly refined chronostratigraphy and. more 
important, understanding of paleoenvironmental processes in the Cincinnati Arch. 
Although many questions remain unresolved and other, new ones are emerging from this 
work, there is much agreement and the level of chronostratigraphic refinement acheivable 
is quite remarkable in rocks approaching half a billion years old. Moreover, many of the 
sequence stratigraphic, facies specific, and chemostratigraphic events appear to be 
correlated suggesting new avenues of understanding the fundamental processes behind 
these stratigraphically recorded changes. Finally, major biotic events also appear to be 
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timed with the isotopic and sea level events recorded in sequences of the Cincinnati Arch. 
The challenge ahead lies not only in improving correlations and resolving some obvious 
conflicts of data, but also in developing and falsifying/corroborating, testable hypotheses 
regarding the interactions of sea level, climate, and paleoceanography and their role in 
driving evolution in the biosphere. In these ways, the remarkable rocks of the Cincinnati 
Arch will attain their full potential as a natural laboratory for understanding the intricate 
and compex processes of mid Paleozoic Earth history. The rocks don’t lie, they are our 
ground truth and the potential for major new insights is bright indeed. This classic area of 
North American geology has already been a crucible for development of traditional 
paleontology and stratigraphy. In the light of new techniques, models and renewed vigor 
of high resolution study it will play a critical role in understanding processes in deep time 
and ultimately understanding the climatic, sea level and biotic processes, which are 
shaping the modern world. 
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IGCP 591 POST-MEETING: FIELD TRIP ROADLOG AND STOP 
DESCRIPTIONS FOR DAY 1. 
 
 
Figure 10. IGCP 591 Field Trip Day 1. Field Trip in southern Indiana. From Google 
Maps. 
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IGCP 591 POST-MEETING: FIELD TRIP ROADLOG AND STOP 
DESCRIPTIONS FOR DAY 1. 
 
ROADLOG FOR DAY 1. 
Distance (miles) Route/Location
 Geologic Significance 
0.0 Leave UC Geology Department   
0.1 L onto Martin Luther King Jr. Dr. 
1.0 R onto Central Pkwy. 
1.1 Immediate L onto I-74 W  
3.7 outcrop on left (I-74 E) Montana Ave. cut - U. Kope & Fairview  
4.7 I-74 W exposures at Mt. Airy Forest: outcrop of upper Fairmont 
  Miamitown, Bellevue  
10.3 Rybolt Rd. exit by Kohl's & Top Shelf Sports Bar  
11.6 merge with I-75  
12.6 outcrop on left  
12.9 Great Miami River crossing  
13.5 Cleves exit  
14.9 take exit 5 onto I_275 S Miamitown (type section)  
15.4 I-275 S entrance ramp  
19.1 I-275 S gravel pits  
19.6 I-275 S Whitewater River crossing  
22.9 cross OH-IN state border  
24.4 exit 16 - Lawrenceburg  
23.4 US-50 junction  
25.4 L onto US-50   
26.8 Hollywood Casino; flood-control levee  
27.7 US-50 crossing Laughery Creek  
28.3 Turn right onto Rt. 48  
28.4 Bank entrance; park in bank parking lot  
 
STOP 1A: US RTE 48 ROADCUT, LAWRENCEBURG, INDIANA: Cincinnatian 
Reference Section: Kope, Fairview Walk upward in cement covered ditch (caution 
irregularground) along 0.3 mi outcrop to upper parking area; vehicles will assemble 
at upper parking area (description on p. 36).  
          Vehicles proceed to upper parkinbg area (Stop 1B) 
 
STOP 1B UPPER PARKING AREA AT DRAIN ALONG SE SIDE OF RTE 48: 
upper Fairview, Miamitown, Bellevue (description on p. 45). 
29.0  Vehicles make U-turn (cautiously) to reverse 
  direction back down hill on Rte. 48   
29.6 Junction Rte. 48 and US 50; Turn right onto US- 
 50 W  
29.9 Cross Tanner's Creek  
30.5  New exposure behind Aaron’s; fresh section of Kope 
  Formation  
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30.7 Small outcrop behind Verizon Shop shows Kope Fm. 
 type section of “Aurora bed” (Bed 21) with reworked 
 concretions  
31.0 For optional stop 1B turn right into Walmart parking area and 
newly developed outcrop. 
  
OPTIONAL STOP NEW EXPOSURES BEHIND WALMART STORE SOUT OF 
LAWRENCEBURG, INDIANA) New exposures of upper Kope and Fairview 
Formation. 
31.6 Turn right onto US-50 W   
32.7 Junction IND Rt. 14 S  
33.1 Cross Hogan Creek  
35.0 Turn right on US-50 W  
35.2 Ascending hill on US-50 W; outcrop of Fairview
 Outcrop of Bellevue Member 
50.5 Junction IND Rt. 129; exposures of Whitewater 
  Formation  
53.1 Entrance to Versailles State Park on right (possible lunch stop)  
53.2 Cross Laughery Creek  
54.0 Outcrop of lower Whitewater and Saluda Mbrs 
54.2 Versailles, Indiana.  
54.4 Turn left onto Rt. 421 S  
54.9 Junction IND Rt. 129  
57.3 Hanson Versailles Quarry on left; quarrying Laurel 
 Dolostone  
72.6 Junction IN Rt. 250  
72.9 Jefferson Proving Grounds (exposures of cystoid rich 
 Osgood/Massie inside proving grounds  
74.2 Town line for Madison, Indiana  
76.2 Rt. 62 W - Ivy Tech Madison 
 
NOTE: We may make a detour here to Clifty Falls State Park for lunch stop:   
76.4  Beginning of Madison roadcut on Rte. 421; will  
 drive down though cut on southbound lane and  
 then reverse direction and walk back up through 
 cuts on northbound lane 
 Laurel Dolostone (Silurian) at top 
76.5 Osgood Shale/Brassfield Formation  
  
76.6 Saluda Mbr. downward to Liberty Fm/ 
77.0 Liberty and Waynesville Formations 
77.1 Vehicles make U-Turn and return back up hilll to 
 base of first exposure.  
77.2 Lower end of Madison cut; pull off along should of 
421; passengers will walk upward through the cut; drivers of 
vehicles will pull forward to pick up passengers at top of cut 
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STOP 2. LARGE ROADCUT ON US RTE 421, MADISON, INDIANA Excellent 
section of Upper Ordovician (Richmondian) Waynesville, Liberty, Whitewater, 
Saluda, and Hitz formations and Silurian Brassfield, Osgood, Lewisburg, Massie 
and Laurel Formations (description on p. 51). 
  
77.8 Return to vehicles at upper end of Madison road 
  cut and continue on US Rte. 421 northbound  
86.5 Fleeting Rd.  
87.2 Ripley County line  
88.3 Michigan Road  
96.7 quarry 
99.5 Enter Versailles, Indiana  
99.7 Turn left onto combined US 421 N and US-50 W 
100.7 Turn right onto Rt. 421 north  
104.2 Enter Osgood, Indiana  
105.0 Junction IND Rt. 350  
110.2 Enter Napoleon, Indiana  
110.6 Turn right onto Rt. 229 N  
111.2 back entrance to Napoleon quarry (blocked) 
111.3 Turn left onto Rt. 300 W into entrance of 
 Napoleon Quarry and check in at quarry office 
 
STOP 3. NEWPOINT STONE CO. QUARRY; NAPOLEON, INDIANA 
Excellent section of  Richmondian units (including “sea stacks”) Silurian Brassfield, 
Osgood, Lewisburg, Massie, and Laurel Formations (description on p. 61). 
111.4 Turn right onto quarry  
111.8 Turn-around in quarry  
112.2 Turn left onto Rt. 300 W  
112.4 Turn left onto Rt. 229 N  
114.5 Turn left to stay on Rt. 229 N  
117.6 Junction IND Rte 100 N  
118.9 Cross Laughery Creek  
122.7 Turn left to stay on Rt. 229 N  
122.8 Entering Batesville, Indiana  
122.9 Veer right to stay on Rt. 229 N  
123.2 Sherman House on left  
123.3 Turn left to stay on Rt. 229 N  
123.4 Turn right on Rt. 229 N  
124.0 Turn right onto entrance ramp to I-74 eastbound   
126.7 Rest stop  
127.9  St. Leon exit for IN Rt. 1 (possible side excursion to Optional stop 
on IND Rte. 1, otherwise continue on I-74); Approximately 30 
Miles back to University of Cincinnati on I-74 eastbound  
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DAY 1. OUTCROP DESCRIPTIONS 
 
STOPS 1A, B. RTE. 48 ROADCUT, LAWRENCEBURG, INDIANA 
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The Netherlands 
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Figure 11. View of the east side of the Rte. 48 Road cut, Lawrenceburg, Indiana. This 
shows nearly the entire interval from Kope bed 24 in the background on the 
right, to the Bellevue at the top of the cut. 
 
Coordinates 
STOP 1A (base)   STOP 1B (parking area) 
Latitude:  N 39°05’32”  Latitude:  N 39°05’32” 
Longitude:  W 84°51’21”W  Longitude:  W 84°51’21”W 
Elevation: 495’   Elevation: 495’ 
 
Introduction 
Excellent large roadcut exposures along Rte. 48 in Lawrenceburg, Indiana commence in 
the middle Kope Formation and extend with essentially complete exposure upward 
through the Bellevue Member (Figs. 12, 13, 14). These fresh new exposures provide 
excellent reference sections of the lower Cincinnatian strata, now poorly exposed in the 
  37 
type area, and offer a glimpse into depositional environments approaching the Sebree 
Trough. Ongoing research at this outcrop includes, geophysical, geochemical, magnetic 
susceptibility, paleoecological, and sequence stratigraphic studies, providing a 
multifaceted approach to study of Late Ordovician strata in the Cincinnati region. 
 
 
 
Figure 12A. Stratigraphic section of middle to upper Kope Formation in the lower part of 
the Route 48 road cut at Lawrenceburg, Dearborn Co., Indiana. Cycle 
numbers correspond to numbered cycles at the composite reference section 
(Holland, 1997; Brett and Algeo 2001) and have been traced in outcrops 
across more than 60km of the Cincinnati Arch (Marshall, 2011). 
 
  38 
 
Figure 12B. Stratigraphic section of Upper Kope Formation (Alexandria-Taylor Mill 
submembers) in the lower part of the Route 48 road cut at Lawrenceburg, 
Dearborn Co., Indiana. Major beds numbers correspond to those at Cleves, 
Ohio. 
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Figure 13. Stratigraphic section of the lower portion of the Fairview Formation along the 
lower part of the Route 48 road cut at Lawrenceburg, Dearborn Co., Indiana. 
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Figure 14. Stratigraphic section of the upper portion of the Fairview Formation, including 
the Miamitown Shale, and the lower Bellevue Member (McMillan Formation) 
along the lower part of the Route 48 road cut at Lawrenceburg, Dearborn Co., 
Indiana. 
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Kope Formation 
Introduction and Nomenclature 
Comprised of predominantly siliciclastic shale, meter-scale cycles are bracketed by 
bundled fossiliferous limestone beds 10s of centimeters thick (Figs. 12A, B). Minor 
siltstone beds, normally only 2-3cm thick, are found within most shales. Recent research 
suggests that the shale intervals are probably shallowing upward cycles, with limestone 
representing periods of most rapid sediment slowing leading to sediment starvation (Brett 
et al., 2008; Marshall, 2011). The cycles were originally numbered 1-40 by Holland et al. 
(1997). Additional cycles were added at the bottom of the formation by Brett and Algeo 
(2001), which were lettered A though E, not changing the numbered cycles. For this 
guide, we use a modification of the previous work and have added two cycles to the Grand 
Avenue submember, above cycle 35 for a total of 42 numbered cycles in accordance with 
Marshall (2011). Also notable, the top three cycles are often colloquially referred to as the 
X, Y and Z beds respectively. 
 
The lower ~0.4 km of the roadcut exposes the middle and upper Kope Formation The 
lowest portion, lower Southgate Member of the Kope, is exposed on the southwest side of 
the road starting directly west of the junction of Route 48 and 50. This lower road-cut is 
very shaly but exposes prominent limestone beds 20-25 of the uppermost Pioneer Valley 
and Snag Creek submembers, overlain by a 2.3 m prominently shaly interval (Fig. 12A). 
 
Southgate Member: Snag Creek submember 
The lowest marker horizon, bed 20 at the top of the Pioneer Valley submember, exposed 
at the base of the extreme southeastern portion of the road-cut, is a thick (up to 30 cm) 
shell-rich pack to grainstone, rich in the brachiopod Sowerbyella rugosa. This brachiopod, 
common in the lower Kope Formation, abruptly declines in abundance above this level. 
Bed 20 is overlain by a thick, ~3 meter, interval of sparsely fossiliferous shale, and thin 
siltstones, termed “Big Shale 3” by Brett and Algeo (2001) and used by them to define the 
base of the Southgate Member. It includes two horizons of concretions. This interval is 
capped by a 6 to 12cm, bryozoan-rich conglomeratic packstone unit (Bed 21) containing 
abundant yellow-weathering reworked and encrusted concretions at its base, informally 
termed the “Aurora bed” for excellent exposures behind a small plaza on the west side of 
Rte. 50, about 3.2 km (2 mi) to the south at Aurora, Indiana. 
 
About 1.3 m of shale and siltstone with two distinct concretion beds, the lower, associated 
with distinct pyritic burrow fills, developed on a siltstone about 40 cm below Bed 22, and 
the upper immediately below the base of this bed to partially incorporated into the 
grainstone. Bed 23, about 1 m higher is actually a cluster of orange-weathering bryozoan-
rich grainstones and siltstones. About 1.5 m higher near the break in slope, Bed 24, a 
series of two or three crinoidal pack-to grainstones composed mainly of Cincinnaticrinus 
columnals with blackened, slender ramose bryozoans forms the top of the Snag Creek 
submember (Fig. 12). 
 
Alexandria submember 
The overlying thick shale, Big Shale 4, formerly used to define the base of the Alexandria 
submember (Brett and Algeo, 2001), contains only a single thin packstone bed but shows 
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a bundle of 4 to 5 thin, burrowed siltstones about 55 cm below bed 25 and a prominent 10-
15 cm long, ellipsoidal concretion beds occur within this interval. The weathered ledge of 
Bed 25 occurs at the top of this south exposure, but outcrop above becomes poor; the 
section continues on the north side of the highway (Fig. 12). 
 
The Alexandria submember is well exposed on the north side of the road where the series 
of limestone Beds 25 to 28 are seen to best advantage in a small gully behind a light pole. 
(The ditch is lined with concrete with large irregular cobbles making walking slightly 
difficult in this stretch; use caution). Bed 25 is about 15 cm-thick compact crinoidal 
grainstone; Bed 26 occurs about a meter higher and an unnamed limestone occurs 65 cm 
higher. Bed 27 shows a distinctive lower splay nearly 28 cm below the main 10-15 cm 
limestone, which yields mainly crinoids, including the distinctive pentangular stems of 
Iocrinus, many of them encrusted with bryozoans and small 
 
Rafinesquina brachiopods and is overlain locally by shale and graded packstone-siltstone 
bed. Excavation of dark brownish gray shale above yielded very rare remains of 
Triarthrus. Siltstones and a prominent concretion bed occur about 47 cm below Bed 28, a 
25-30 cm cluster of packstones. 
Bed 28 is overlain by 150 cm of shale with numerous thin, lenticular packstones and 
siltstones, containing abundant cephala of Cryptolithus, and the elongate morphotype of 
Sowerbyella, as in nearly all other localities. As noted at Rivers Edge, this is one of the 
most faunally distinctive intervals in the upper Kope. As is typical, Bed 29, up to 25 cm-
thick, shows a sharp, scoured base, a rippled top and is separated from the thinner (10-15 
cm) bundle of bed 30 by ~85 cm of shale. Beds 28-30 are particularly rich in the 
brachiopod Dalmanella, which weather red on exposed slabs (red Onniella beds of Brett 
and Algeo, 2001;Fig. 12B). 
 
McMicken Member: Grand View and Grand Avenue submembers 
The overlying relatively pure shale interval marks the base of the Grand View 
submember. The following shale intervals are noteworthy in a general absence of 
siltstones (Marshall, 2011) and an abundance of bryozoans, which weather freely from the 
shales above limestone beds. The sharp alternation of relatively pure shales, lacking 
siltstones, and discrete, orange-weathering limestone bands (Beds 32-34) imparts a 
distinctive appearance to the Grand View submember, exposed to good advantage in this 
section. 
 
The thick (~40-45 cm) bundle of 5-7 limestones, comprising Bed 31, poorly exposed at 
this outcrop is both underlain and overlain by ~2m of shale. Bed 32 is another relatively 
thick bundle of three-four individual limestone bands, whereas Bed 33 is a distinctive, 
generally single, tabular band. The overlying, meter-thick shale was recognized as the 
base of the Grand Avenue submember by Brett and Algeo (2001). A 2.5meter thick 
interval of closely spaced bryozoan-rich limestones, subdivisible into about four clusters 
of beds (Beds 34-37) separated by sparsely fossiliferous shales marks the Grand Avenue 
submember. The shrinking of cycle spacing in the Grand Avenue makes discerning one 
cycle from another tricky and only after comparing several sections was it determined that 
more cycles exist in the interval than Holland (1997) noted. This interval is particularly 
  43 
well exposed in nearly continuous outcrops up into a gully of a small stream that runs sub-
parallel to the road and ends in the main ditch on the north side of the road (Fig. 12). 
 
Taylor Mill submember of the Kope Formation 
Following a short covered stretch, the cuts continue on both sides of the highway exposing 
the upper or Taylor Mill submember of the McMillan Member, Kope Fm. up into the 
Fairview Formation. Silty-mudstones of the Taylor Mill submember (Brett and Algeo, 
2001) compose the uppermost deposits of the Kope Formation. The Taylor Mill 
submember is equivalent to the thick Garrard Formation (up to 30 m), to the southeast 
near Lexington, KY composed of thick, soft sediment deformation bearing siltstone rich 
strata in more proximal Kentucky. These strata are regionally truncated by the Z-bed of 
the Kope Formation. In Lawrenceburg, Indiana the Taylor Mill submember is 
approximately 8 meters thick, and siltstone rich (containing some bryozoan colonies in its 
upper portions). In this section, three major clusters of packstones, each with three to five 
beds, all rich in Dalmanella and bryozoans, standout against thicker, ~2 m-thick intervals 
of silty shale, Beds 40, 41, and 42 of Marshall (2011; Fig. 12B). Siltstone beds up to about 
10 cm thick are abundant in the shale rich intervals, probably a distal expression of the 
thick Garrard Siltstone. Two particularly prominent light gray siltstones with 
veryabundant Diplocraterion and Chondrites traces occur at about 30 and 50 cm below Bed 
41 of Marshall (2011) 39 of Holland et al., (1997; “Y bed”). 
 
Fairview Formation 
The previously named Mt. Hope and Fairmount sub-divisions (Nickles, 1902) of the 
Fairview Formation (Bassler, 1906) refer to localities in Cincinnati proper. Unfortunately, 
many of the original type sections in the city of Cincinnati are largely covered, or poorly 
exposed making comparisons with the type area problematic. However, the Rte. 48 cut at 
Lawrenceburg provides an excellent surrogate reference section. It shows close 
similarities with those portions of the section still exposed at Cincinnati. Schramm (2011) 
has established a series of correlations throughout the shallower water dominantly 
carbonate facies of the Maysvillian Stage, recognizing several traceable horizons 
throughout the Fairview Formation. This stop will showcase a series of key stratigraphic 
horizons at Lawrenceburg Indiana, utilizing these features to demonstrate a fine scale 
sequence stratigraphic model for the Fairview Formation, Miamitown Shale, Bellevue 
Member interval (Fig. 13). For sequence stratigraphic interpretations of the lower 
Fairview 3rd order sequence please see the Maysville stop description text. 
 
Z-Bed and Two-Foot Shale 
Bed 40 of Holland et al. (1997) or Bed 42 of Marshall (2011; Fig. 13), the “Z” limestone 
cluster is assigned to the base of the Fairview; at this locality it is about a 30 cm-thick 
cluster of brachiopod pack- to grainstone overlain by 67 cm of gray clay shale, the so-
called “2-foot shale” (Fig. 28A). The Z-bed overlain by a two-foot shale interval has been 
identified to the south (Schramm, 2011), where it sharply overlies, and truncates the 
deformed siltstones of the Garrard Formation, equivalent to the Taylor Mill submember of 
the Kope Formation. Hence, the base of Z-bed records a sequence boundary. The 
distinctive “two-foot” clay shale carries an unusual fauna including Platystrophia cf. 
hopenesis, the gastropod Cyclonema and small crinoids, locally as obrution type deposit, 
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containing intact, well preserved crinoid stems formed into large bundles (“log jams”) at 
several locations in northern Kentucky as far south as Clays Ferry. 
 
North Bend submember 
The North Bend submember of the Fairview Formation, Mt. Hope Member (Schramm, 
2011; Brett et al., 2012) is a reclassification of Ford’s (1967), North Bend Tongue. Its 
base is formed by a widely traceable single thin limestone bed and ~15 cm (6 inch) thick 
mudstone couplet occurring above the 2-foot shale (Fig. 13). This three meter-thick unit is 
composed of a carbonate-rich lower portion, consisting of approximately five limestone 
beds, a thin shaly middle portion, and an upper limestone portion again containing five 
major limestone beds. Beds of the upper North Bend submember are very compact, and 
coquinoid with abundant edgewise, fragmental brachiopods, primarily the orthid 
Dalmanella. More proximal facies, as Maysville Kentucky, are extremely rich in the 
diagnostic brachiopod Strophomena maysvillensis but only rare specimens of this 
brachiopod have been obtained at this outcrop. The upper contact of the North Bend 
submember exhibits, a phosphatic, or limonitic stained surface. This unit is exposed 
approximately 4 meters above the base of the Z bed.  
 
Wesselman submember 
Directly overlying the North Bend submember is the Wesselman submember, a shaly unit, 
thickest in more distal, deeper water settings, such as this locality, where it is 
approximately 7 meters thick. This unit is exposed at marked meters 4-11(Fig. 13). Across 
the Cincinnati Arch the Wesselman submember exhibits a three part motif, with a lower 
mudstone rich portion, a lower middle limestone portion, and an upper shaly siltstone 
portion, each traceable over large differences. Siltstones up to 10 cm thick in the lower 
and upper divisions show excellent trace fossils including a broad-based form of 
Diplocraterion. The lithology and fauna of these shales very closely resemble those of the 
Taylor Mill submember of the Kope. 
 
Reidlin submember 
A unit, similar in lithology to the North Bend-Wesselman interval, the Reidlin 
submember, occupies the upper ~13 meters of the Mt. Hope Member, occurring at meters 
11-24 (Fig. 13). This mudstone rich interval is set apart from the underlying Wesselman 
Tongue by a cluster of grainstone beds, about 1 meter thick. Within this interval four 
major limestone bands are present; each in turn containing five thinner divisions; several 
of the basal beds contain rip-up clasts of calcareous mudstone. Above the basal grainstone 
the Reidlin submember consists mainly of shale and mudstone that becomes increasingly 
siltstone rich in its upper portions. Frondose bryozoans are also common within this 
interval. A distinctive bed rippled grainstone bed at about 17m forms a platform on the 
SW side of the roadcut. This bed marks an approximate division between the lower Mt. 
Hope and upper Mt. Hope faunas. Typical forms below this level include Strophomena 
maysvillensis, Plectorthis sp., the bryozoan Escharopora, and the gastropod Cyclonema 
gracile. These taxa are rare or absent in beds above the ripple marked marker bed (S. 
Felton, personal communication). 
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Hooke-Gillespie submember 
An approximately 30cm thick rip up clast bearing grainstone bed marking the Mt. Hope-
Fairmount Member faunal boundary (Nickles, 1902) and the base of the Hooke-Gillespie 
submember occurs at approximately meter 24 in this road cut (Fig. 14). This grainstone 
bed, is termed the “Strophomena Bed” (Nickles, 1902). Mudstones immediately below 
this bed contain frondose colonies of the bryozoan Constellaria. This horizon is easily 
recognizable and has been traced across southern Ohio, southeastern Indiana and northern 
Kentucky. Beds above this level yield an abundance of the small orthid Dalmanella 
multisecta. 
 
The Hooke-Gillespie submember (Schramm, 2011; Brett et al., 2012) is a name assigned 
to lower strata of the Fairmount Member, above the base of the Strophomena Bed 
composed dominantly of silty mudstones with thick (up to 1 m), locally channeled and 
deformed siltstones, that extends upward to a series of thick rip-up clast bearing 
grainstone beds. This same stratigraphic interval has been well studied in the Maysville 
Kentucky region (Schumacher 2001; Brett et al., 2008) where it contains massive ball and 
pillow seismite horizons, siltstone infilled channels, and large encrusted limestone blocks 
associated with these seismite horizons, and is widely traceable; however, no deformed 
beds have been found at Lawrenceburg. At the Rte. 48 outcrop, this unit is approximately 
3 meters thick and occurs at marked meters 24-27 (Fig. 14). 
 
Lawrenceburg submember 
A cluster of three thick carbonate beds bearing rip-up clasts up to 20 cm across and 
interbedded shale and thin limestone marks the base of the Lawrenceburg submember of 
the Fairmount Member (Schramm, 2011). These are exposed in an embayment in the 
outcrop directly opposite the sloping concrete pavement surface/drain at the upper parking 
area (STOP 1B; Fig. 14; 39°05’56”N 84°52’38”W). This submember consists of over 4 
meters medium bedded skeletal grainstones (meters 27-32), well exposed above the 
parking pull-off/drain area on the upper end of this Rte. 48 roadcut, which constitute its 
type locality. This same series of three rip-up clast bearing beds has also been observed in 
proximal settings of the Maysville region. The uppermost of these compact skeletal 
carbonates has a sharp, somewhat corroded mega-ripple hardground top at Lawrenceburg 
Indiana, which is directly underlain by an interval up to 10 cm thick comprised of pale 
orange weathering phosphatic granules with abundant phosphatic steinkerns of minute 
gastropods (B. Heimbrock, pers. comm.). Thinner stringers of orange phosphatic grains 
occur near the top of the rippled bed and in overlying lenticular hardgrounds. The 
Lawrenceburg beds also contain an index fossil of the interval, the brachiopod 
Orthorhynchula, (S. Felton, pers. comm.), which has been found rarely at Lawrenceburg, 
and abundantly in the coeval strata at Richmond, Point Leavell, and Springfield Kentucky. 
Strata of the Lawrenceburg submember compose the basal transgressive deposits of the 
upper Fairview 3rd order cycle, with a sequence boundary at the base of this unit. Likewise 
this unit composes the TST of the Lawrenceburg-lower Hill Quarry 4th order cycle. A 
sharp contact at the top of this unit compose represent the maximum starvation surface of 
the upper Fairview cycle. 
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Lower Hill Quarry submember 
Interbedded, discrete limestones and shales of the upper Fairmount Member resting 
sharply on top of the tightly bedded carbonates of the Lawrenceburg submember have in 
the past been referred to as the “Hill Quarry Beds” based upon former building stone 
quarries in this interval in the hills surrounding Cincinnati (Nickles, 1902). This shaly 
interval sharply overlies a distinct rippled grainstone at the top of the Lawrenceburg sub-
member the forms the first bench, easily accessible above the upper parking area. Hill 
Quarry cycles are typically composed of a lower prominent compact skeletal carbonate 
pack-grainstone overlain by a mudstone interval, which coarsens upward into silty 
mudstone, with possible siltstone beds in the upper portions of the cycle (Fig. 14). This 
series of beds has proven to be extremely traceable and widespread, in outcrop and into 
the subsurface (Dattilo, 1998; Dattilo et al., in press). 
 
We subdivide the Hill Quarry beds into two distinct packages at a very sharply based 
grainstone ledge, termed the lower Hill Quarry submember and upper Hill Quarry 
submember. The lower Hill Quarry submember, approximately 5m thick, directly overlies 
the Lawrenceburg submember at its type locality and consists of the lower three of the 
cycles of the “Hill quarry beds”, terminating with a distinctive meter-thick, silty shale that 
is sharply (erosionally) overlain by a very discrete, ledge-forming grainstone (Third Hill 
Quarry Bed). The meter-thick shale interval contains siltstone interbeds; the uppermost 
siltstone bed contains abundant traces (Diplocraterion) and scolecodonts (Fig. 14), 
Ceraurus trilobites have also been found within this interval. Deepening upward in the 
lower Hill Quarry interval, it represent the highstand sytems tract of the upper Fairview 3rd 
order cycle, and highstand deposits of the Lawrenceburg-lower Hill Quarry 4th order 
cycle. 
 
Upper Hill Quarry (Fracta) submember 
The upper three beds of this interval have also been referred to as the “shingled 
Rafinesquinazone”, or “fracta” Beds (after Rafinesquina fracta) (Caster et al., 1961), and are 
characterized lithologically by a rubbly fossiliferous, possibly orange weathering, 
packstone interval. These (fracta)beds were numbered from the top down (Forsyth, 1946), 
but have been referred to as lower, middle, and upper shingled zones, in order to avoid 
confusion by Dattilo (1998), who also demonstrated the traceable nature of these horizons. 
We redesignate this informal interval as the Upper Hill Quarry submember, for an 
excellent exposure in a hillside cut along Gage Street at the intersection of Rice Street, 
below the helicopter pad of the Christ Hospital, Cincinnati, Ohio. 
 
A prominent 30 cm thick, ledge-forming grainstone sharply overlies the meter thick 
mudstone siltstone at meter 37 (Fig. 14). This limestone, termed “third Hill Quarry Bed” 
(HQ-3) contains small granules of orange weathering phosphate, and is easily 
distinguishable from the other Hill Quarry Beds. Overlying the third Hill Quarry Bed is a 
somewhat rubbly, muddy packstone interval. The fourth Hill Quarry Bed is generally 
somewhat thinner, and less prominent than the third Hill Quarry Bed, although may vary 
and increase in thickness locally, and possibly more so than the underlying third Hill 
Quarry Bed on occasions. The seventh Hill Quarry Bed is also a very widespread compact 
pack-to-grainstone occurring directly below the basal Miamitown Shale interval (Fig. 15). 
The upper Hill Quarry submember is exposed from 37 to 40 meters stratigraphic height. 
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These are the highest units exposed directly above the parking area but the Miamitown 
Shale and Bellevue Limestone may be accessed by walking carefully southward across the 
grassy knoll above this outcrop to the uppermost platform of the roadcut (Fig. 14). The 3rd 
Hill Quarry Bed marks the basal sequence boundary and TST of the upper Hill Quarry 
Bed 4th order cycle. Sediment starvation associated with this bed indicate the initial 
surface of forced regression of the upper Fairview 3rd order cycle. 
 
 
 
Figure 15. Fairview Formation magnetic susceptibility profile at Lawrenceburg Indiana, 
showing 40 c half-cycles in the Fairview and an unconformity at the basal 
Grant Lake (Bellevue) contact. From Schramm, 2011. 
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Miamitown Shale submember (of the Fairview Formation) 
The Miamitown Shale (Ford, 1967) is a dominantly mudstone unit rich in gastropods and 
bivalves, marked by the index fossil Heterorthina. For more information on the widespread 
nature and morphology of this unit see Dattilo (1994, 1998). The exact stratigraphic 
position of the Miamitown has been poorly defined. Brett et al. (2012) define the 
Miamitown as the uppermost submember of the Fairview Formation, Fairmount Member. 
At Lawrenceburg the Miamitown Shale is about 3m (Fig. 14); here as elsewhere the 
Miamitown can be subdivided into three units: a lower mudstone portion, a middle 
limestone portion containing five limestone interbeds, and an upper silty mudstone portion 
containing current aligned siltstone gutters northwest of Cincinnati. Each of these three 
intervals can be traced over long distances west of Cincinnati, and has been found as far as 
Madison, Indiana where the unit is a greenish gray mudstone. Meanwhile, this same 
seemingly widespread unit thins drastically southeast of Cincinnati, and is less than one 
meter thick at Reidlin/Mason road Fort Wright-Taylor Mill, Kentucky (St. Louis 
Diekmeyer, 1998); to the southeast of this area the unit disappears. The seventh hill quarry 
bed and Miamitown Shale compose the uppermost 4th order cycle in the Fairview interval. 
The sevent hill quarry bed representing the TST of this cycle, while the lower Miamitown 
represent the highstand, middle Miamitown limestone the forced regression surfaces, and 
upper Miamitown siltstones the falling stage. The Miamitown Shale represents the overall 
falling stage of the upper Fairview 3rd order cycle. 
 
Sub-Bellevue Member Unconformity 
This apparent loss of the Miamitown Shale southeast of Cincinnati further suggest and 
unconformity at the base of the Bellevue Member. Magnetic susceptibility (χ) profiles 
through the Maysvillian strata at this section display a sharp single point offset in 
measured values at the basal Bellevue Member contact further suggest the presence of this 
unconformity even in distally deposits sections approaching the Sebree trough (Fig. 15). 
This section also contains 40 (χ) half-cycles, while Maysville, KY, only exhibited 27. 
 
McMillan Formation 
Bellevue Member 
The Bellevue Member of the McMillan Formation is a fossiliferous, rubbly packstone and 
grainstone, rich in Rafinesquinaand Hebertella and bryozoans, especially Monticulipora 
which sharply overlies fossiliferous mudstones of the Miamitown Shale. This contact is 
interpreted as major sequence boundary. Schramm (2011) recognizes a significant 
unconformity at its base (Fig. 15). The Bellevue Member type is located at the intersection 
of Rice and Gage Streets, Cincinnati, Ohio (Ford, 1967). Within this unit several traceable 
horizons exist. A fossiliferous mudstone interval within the Bellevue is referred to as the 
“Rafinesquina shale” (Dattilo, 1998). Differences have been recognized by Nickles (1902) 
and Dattilo (1998) between the lower, bryozoan rich portion of the Bellevue, and upper 
fossiliferous pack and grainstone portion, lying above the Rafinesquina Shale. In general 
this upper portion of the Bellevue is increasingly compact grainstone rich, and less mud-
rich than the lower portion. In downramp settings the Bellevue becomes a more compact 
skeletal-crinoidal pack-to-grainstone is reduced more in thickness, and has additional 
phosphate. In upramp portions of the basin, where it is included as the basal part of the 
Grant Lake Formation, the Bellevue becomes increasingly argillaceous and shows a more 
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rubbly, fossiliferous packstone lithology, and often includes Vinlandostrophia ponderosa 
(formerly Platystrophia ponderosa). The base of the Bellevue Mbr. is the sequence 
boundary of the Bellevue-Corryville 3rd order cycle (Schramm, 2011), and composes the 
transgressive systems tract of this cycle. It and the basal most Corryville compose the 
Bellevue Member 4th order cycle.  
 
References 
Bassler, R.S., 1906. A study of the James types of Ordovician and Silurian Bryozoa. 
Proceedings of the U.S. National Museum, V. 30 No. 1442. 
Brett, C.E. and Algeo, T.A. 2001. Stratigraphy of the Upper Ordovician Kope Formation 
in its Type Area, Northern Kentucky, Including a Revised Nomenclature.In T.J. Algeo 
and C.E. Brett., eds. Sequence, Cycle, and Event Stratigraphy of Upper Ordovician 
and Silurian Strata of the Cincinnati Arch Region. Field Trip Guidebook in 
conjunction with the 1999 Field Conference of the Great Lakes Section SEPM-SSG. 
Brett, C.E., Cramer, B.D., McLaughlin, P.I., Kleffner, M.A., Showers, W.J., and Thomka, 
J.R., in press, Revised Telychian-Sheinwoodian stratigraphy of the Laurentian mid-
continent: Building uniform nomenclature along the Cincinnati Arch: Bulletin of 
Geosciences, v. 87. 
Brett, C.E., Kirchner, B.T., Tsujita, C.J., Dattilo, B.F. 2008. Sedimentary dynamics in a 
mixed siliciclastic-carbonate system: The Kope Formation (Upper Ordovician), 
southwest Ohio and northern Kentucky: Implications for shell bed genesis. In 
Mudrocks. In Holmden, C., Pratt, B.R., eds. Dynamics of Epeiric Seas: 
Sedimentological, Paleontological and Geochemical Perspectives, Geological 
Association of Canada, Special Paper 48. Geological Association of Canada, p. 406. 
Brett, C.E., Schramm, T.J., Dattilo, B.F., Marshall, N.T. 2012, Upper Ordovician Strata of 
Southern Ohio-Indiana: Shales, Shell Beds, Storms, Sediment Starvation, and Cycles. 
2012 GSA North-Central Section Meeting Fieldtrip 405 Guidebook.79 p. 
Caster, K.E., Dalvé, E.A., Pope, J.K., 1961. Elementary guide to the fossils and strata of 
the Ordovician in the vicinity of Cincinnati, Ohio: Cincinnati Museum of Natural 
History, 47 p. 
Dattilo, B.F. 1994. Stratigraphy and Paleoecology of the Miamitown Shale (Upper 
Ordovician): Ohio, Indiana, and Kentucky. Unpublished PhD Dissertation, University 
of Cincinnati. 
Dattilo, B.F., 1998. The Miamitown Shale: Stratigraphic and historic context (Upper 
Ordovician, Cincinnati, Ohio, Region).In Davis, R.A. and Cuffey, R.J., eds. Sampling 
the layer cake that isn’t: The stratigraphy and Paleontology of the Type-Cincinnatian. 
State of Ohio, Guidebook No. 13: 49-59. 
Dattilo, B.F., Brett, C.E., Schramm, T.J. in press. Tempestites in a teapot? Condensation-
generated shell beds in the Upper Ordovician, Cincinnati Arch, USA. Submitted to 
Palaeogeography, Palaeoclimatology, Palaeoecology: Special Issue: Time-Specific 
Facies. 
Ford, J.P. 1967. Cincinnatian geology in southwest Hamilton County, Ohio.The American 
Association of Petroleum Geologists Bulletin. 51 (6): 918-936. 
Forsyth, J.L. 1946. The Eden and Maysville groups of the Cincinnatian series at 
Cincinnati, Ohio: M.S. thesis (unpub.), University of Cincinnati, 122 p. 
  50 
Holland, S.M., Miller, A.I., Dattilo, B.F., Meyer, D.L., Diekmeyer, S.L. 1997. Cycle 
Anatomy and Variability in the Storm-Dominated Type Cincinnatian (Upper 
Ordovician): Coming to grips with cycle delineation and genesis. The Journal of 
Geology, Vol. 105, No. 2 p. 135-152. 
Marshall, N.T. 2011. Silt in the Upper Ordovician Kope Formation (Ohio, Indiana, 
Kentucky): The enlightening wildcard. University of Cincinnati Master’s Thesis. 
http://etd.ohiolink.edu/view.cgi?acc_num=ucin1321889026 
Nickles, J.M. 1902. The Geology of Cincinnati, Journal of the Cincinnati Society of 
Natural History 20 (2): 49-100.  
Schramm, T.J., 2011. Sequence stratigraphy of the Late Ordovician (Katian), Maysvillian 
Stage of the Cincinnati Arch, Indiana, Kentucky, and Ohio, U.S.A., Department of 
Geology. University of Cincinnati, Cincinnati, Ohio, 215 p. 
http://etd.ohiolink.edu/view.cgi?acc_num=ucin1322052575 
St. Louis Diekmeyer, S.C. 1998. Kope to Bellevue Formations: The Riedlin Road/Mason 
Road Site (Upper Ordovician, Cincinnatian, Ohio, Region).In Davis, R.A. and Cuffey, 
R.J., eds. Sampling the layer cake that isn’t: The stratigraphy and Paleontology of the 
Type-Cincinnatian. State of Ohio, Guidebook 13: 10-35. 
 
  51 
STOP 2. ROAD CUT ON US 421, MADISON, INDIANA 
 
Benjamin Dattilo, Patrick I. McLaughlin, Carlton E. Brett and James Thomka 
 
Coordinates 
lower     upper 
Latitude:   N 38°46'30”  Latitude:  N 38°47'00” 
Longitude:  W 85°21'50.0"  Longitude:  W 85°22'10" 
Elevation: 690’   Elevation:  845’ 
 
Introduction 
The road cut at Madison, Indiana descends from the relatively flat upland into the Ohio 
River Valley; it is one of the most stratigraphically continuous sections in the entire 
region. The road cut is located on US 421 on the northern outskirts of Madison. The 
section contains most the Upper Ordovician Richmondian age strata, the 
Silurian/Ordovician boundary and over 23 m of Silurian strata (Figs. 16-18).  
 
The lower two thirds of the long roadcut provides a section of about 35 m of the upper 
Richmond Group of the Cincinnatian. The age of these units is still a matter of debate. 
They are presently assigned to the Richmondian Stage of the Cincinnatian and regarded as 
probably upper Ashgillian (though in the present, less resolved chronstratigraphy they are 
assignable to the upper Katian Stage). Holland and Patzkowsky (1996) assigned these 
strata to two third order depositional sequences C5 (in part) and C6. We recognize four 
informal subdivisions of the C5 sequence, herein termed C5a-Cd. The lowest beds in this 
cut, and those in smaller outcrops further down Rte. 421 are assigned to sequence C5a, the 
Waynesville Formation. The relatively sharp contact of the Liberty Formation (base of 
Bardstown member of Kentucky terminology) constitutes a sequence boundary and the 
Liberty is assigned to sequence C5b. The sharp, erosive base of the Whitewater Formation 
is considered to represent the boundary of a third sequence, C5C, that includes two 4th 
order sequences, the lower Whitewater member and the Saluda members, respectively 
(Fig. 16). 
 
Unit 1—Waynesville Formation: Only the upper few meters of the Waynesville Formation 
are exposed at the lower end of the road cut a very rubbly mudstone with an abundance of 
brachiopods, especially Strophomena, Rafinesquina, Hebertella, Platystrophia, and rare 
Leptaena and small rugose corals. Many shells are blackened and show evident corrosion 
and loss of detail. A cluster of decimenter thick limestones at about 3 m above the base is 
overlain a more shaly nodular upper portion of the unit. A thin shaly interval slightly 
below the contact with the Liberty Formation (Fig. 16). 
 
Unit 2—Liberty Formation 
The base of the Liberty Formation (Bardstown Member of Drakes in Kentucky) is herein 
placed at the base of the first amalgamated cluster of decimeter thick limestones rich in 
brachiopods, bryozoans and an abundance of the small rugose coral Grewinkia that forms 
the first major overhanging ledge at about 7.8 m. We suspect that this interval correlates 
with the Bardstown (=Otter Creek?) coral bed of the basal Liberty in northern Kentucky 
(actually two beds characterized by Cyathophylloides (Favistella) alveolata and 
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Cyathophylloides vacuum, respectively; Browne, 1964) though more detailed work is 
needed. This interval is overlain by about 50 cm of gray shale with thin, lensing 
packstones before the main package of about 3 m of tightly stacked rubbly, irregularly 
bedded packstones and minor grainstones. These beds have prolific fossil assemblages 
that include Platystrophia clarkesvillensis, Platystrophia acutilirata, P. annieana, P. 
laticosta, P. cypha conradi, Eochonetes (formerly Thaerodonta) Hebertella sinuata, H. 
clarkesvillensis, Hiscobeccus (or Lepidocyclus) capax, and Leptaena richmondensis and 
minor ramose bryozoans, notably Rhombotrypa, the rugose corals Grewinkia rusticum and 
Streptalasma sp., and the small encrusting tabulate Protarea. Many of these beds have 
reddish stains and are partially dolomitized. Fossils range from pristine, articulated 
specimens to strongly corroded and typically blackened fragments, suggesting substantial 
time-averaging in many beds. This rather closely spaced package is termed the Bardstown 
Member of the Liberty Formation (equivalent to the Bardstown Member of Drakes 
Formation in Kentucky). 
 
 
Figure 16. Lower portion of the Upper Ordovician (Ashgill: Richmondian) succession at 
Rte. 421 road cut, Madison, Indiana. 
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Shell beds become thinner and more widely spaced upward, increasingly separated by 
sparsely fossiliferous mudstones (Fig. 17). A marked change occurs at about 15 m, where 
the highest persistent skeletal limestones are overlain by about 2.5 m of pale brownish 
gray, buff weathering, blocky dolomitic mudstone. This interval is sparsely fossiliferous, 
although it shows abundant partially compacted burrows notably large Chondrites and 
occasional bivalves with periostracal preservation. Beds tend to thicken and coarsen 
upward. These beds, which were previously assigned to the lower Whitewater Formation 
(e.g., Holland, 2008), are herein included as an informal upper mudstone member of the 
Liberty Formation, because they are conformable with, and gradational from underlying 
shelly beds and are sharply and disconformably overlain by biostromal 
limestones/dolostones, which are assigned to the lower Whitewater Formation. They are 
displayed to good advantage in the cut at the back wall of a large drain where a minor 
stream cuts into the side of the roadcut and is marked by a recess and a large storm sewer 
grate. 
 
Depositional environments recorded in the upper Waynesville and Liberty Formation are 
interpreted as shallow muddy to shelly substrate seafloors below wave base but above 
average storm wave base. This accords well with abundant storm evidence in these beds, 
including graded bedding, rippling of bed tops, edgewise stacking hummocky lamination, 
rip-up clasts, and irregularly scoured bases with gutter like features on some beds. 
Brachiopod shells from the Waynesville and Liberty Formations at other localities with 
identical biofacies, have yielded abundant microendoliths that place these facies firmly in 
the upper euphotic zone only a few tens of meters deep (Vogel and Brett, 2009). 
 
Storm waves and currents surely played a strong role in the final appearance of many 
beds. Nonetheless, we argue that the thicker beds, which can be seen to persist along the 
half kilometer-long outcrop, are not primarily attributable to storm winnowing. Rather, 
these as with other shell beds in the Cincinnatian reflect millennial scale interludes of low 
sedimentation during which skeletal material built up on the seafloor and was variably 
processed by episodic storm reworking. 
 
We interpret the Liberty Formation as a single depositional sequence; its status as a third- 
or fourth-order sequence remains uncertain, pending further regional study, though it is 
subdivisible into two to three minor cycles bounded by thicker shales. We interpret the 
main mass of shell-bryozoan rich packstone and grainstone beds, the Bardstown member, 
as the transgressive systems tract and the top of this succession shows an apparent 
transition into shaly beds that represent a highstand systems tract. The informal upper 
mudstone member of the Liberty represents later highstand and/or falling stage deposition 
and is characterized by a thickening and coarsening upward pattern that suggests rapid 
progradation. Although water depths may have been similar to slightly shallower than the 
shelly beds, increased rates of siliciclastic sedimentation are indicated by the scarcity of 
body fossils and a shift from epifaunal to infaunal fossil assemblages. 
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Figure 17. Upper portion of the Upper Ordovician (Ashgill: Richmondian) succession at 
Rte. 421 road cut, Madison, Indiana. 
 
 
Unit 3—Lower member of Whitewater Formation (or basal Saluda Formation) 
Although a few thin, impersistent shell layers occur in the upper mudstone submember of 
the Liberty, the contact with the overlying lower member of Whitewater Formation (Fig. 
16). Again, there are discrepancies in terminology as some authors have referred this 
interval to the lower member of an expanded Saluda Formation. Regardless of 
terminology, this interval is sharply demarcated at the first pale gray weathering bryozoan 
and shell-rich limestone. The basal bed is lenticular, locally pinching out, but in places 
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shows abundant rounded rip-up clasts of dolomitic mudstone; it is thought to overlie an 
erosion surface at the base of the Whitewater. Overlying limestone beds are rich in white, 
silicified fossils, especially very abundant ramose bryozoans and small Rafinesquina and 
Strophomena brachiopods. These beds are interbedded with dolomitic mudstones and 
form a rather compact package, about 2 meters thick, that is exposed to good advantage on 
the N side of the drain area.  
 
Unit 4—The thin bedded bryozoan-rich limestone interval is capped by a very distinctive 
dolomitic coral biostromes referred to as the “Madison reef” in previous literature 
(Browne, 1964) and has been used previously to define the base of the Saluda Member of 
the Whitewater Formation but we regard it as a part of the lower member (Fig. 17). At this 
locality large head corals actually occur at three distinct levels a lower thickest biostrome 
and, about a meter higher a succession of two closely spaced upper beds. The lowest is a 
yellowish weathering dolostone about 0.5 m thick, with abundant very large 
hemispheroidal corals (primarily the colonial rugosan Cyathophylloides alveolata, 
formerly termed Favistella alveolata) up to 0.5m in diameter and in some cases. These 
corals are draped by a sparsely fossiliferous, blocky, medium gray dolomitic mudstone 
about 1 m thick that closely resembles the upper Liberty dolomudstones. The upper coral 
beds are closely spaced and occur at about 21 and 21.5 m above the base of the section. 
Corals, which include both Cyathophylloides and Tetradium are more scattered in these 
horizons, particularly the upper, which contains a remarkable overturned and corroded 
corallum. The upper contact of this coral bed dolostones is distinct from overlying beds 
and shows minor local relief of a few centimeters. This sharp contact draped with very 
dark, laminated shale up to about 10 cm thick, the top of which shows sharp, somewhat 
deformed burrows (Chondrites) filled with light colored sediment. This “black shale” has 
been traced widely as a marker bed at the top of the “Madison reef” in Indiana and 
northern Kentucky (Browne, 1964; Hatfield, 1969). 
 
These coral-rich horizons are biostromes and not true reefs in the sense that they do not 
form mounds with any substantial relief, though the corals themselves have a relief of up 
to 0.6 m. A number of the large coral heads have been reoriented or even inverted 
indicating the impact of strong storm waves on the bottom. We interpret these coral 
horizons as recording the combination of shallow water, approaching normal wave base, 
combined with low rates of sedimentation. The growth of these massive corals 
presumably required substantial periods of minimal disturbance; widespread distribution 
of individual coral biostromes in southern Indiana and northern Kentucky (Browne, 1964) 
implicates regional processes that triggered the proliferation of corals. We suggest that 
they record high frequency base level rise events, which led to strong sediment starvation 
even in relatively shallow nearshore settings. Corals adapted to warm, shallow and 
relatively low turbidity waters of the cratonic interior temporarily invaded and settled over 
large tracts of seafloor. 
 
In turn, the dark shale is sharply, locally erosively scoured contact with lenticular 
biostromes of bryozoans in a hard dolomitic matrix in a ledge-forming bed that appears to 
correlate with the informally Sligo bed in Kentucky. Fossils become sparse upward in this 
interval, which includes few if any corals. It is gradationally overlain by a recessive 
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weathering dolomitic mudstone. These beds reflect somewhat shallower, muddy lagoonal 
settings associated with regressions. We infer that the lower Whitewater member, as 
defined herein records a full small, scale (4th order) depositional sequence. The sharp, 
erosive base represents a sea level fall and a sequence boundary of Sequence C5C. 
 
The basal bryozoan rich limestone and the Madison reef biostrome beds, equivalent to 
Buckner bed in Kentucky, represent a transgressive systems tract and shows evidence of 
sedimentary condensation and conditions promoting the growth of colonial corals. The 
two major biostromal level as considered to represent condensed horizons associated with 
maximum sediment starvation on two smaller scale (5th order?) cycles. The upper coral 
bed is sharply overlain at a major flooding surface by dark, organic rich shale of the early 
highstand; the Sligo bed represents the remainder of the HST and presumaably records 
rapid regression and sea level fall.  
 
Saluda Member 
The main mass of the Saluda Member sharply overlies the dolomitic mudstone interval 
here as at most localities in Kentucky. This contact may be a significant unconformity (P. 
McLaughlin, pers. comm 2012). 
 
Unit 5—The base of the upper submember of Saluda is formed by a massive bed about a 
meter thick shows an upward gradation from bioturbated to sublaminated in the upper 
third (Fig. 17). Freshly broken sections show a pale buff dolostone with bright green, 
glauconite-infilled burrows in the basal portion of this bed. The bed weathers a pale 
reddish orange color owing to the presence of ferroan dolomite. 
 
Unit 6—The remainder of the upper submember of Saluda, is approximately 4 meters 
thick (Fig. 17). Here as elsewhere, the Saluda is a very distinctive facies consisting of a 
relatively monotonous laminated to very thin-bedded silty pale greenish gray dolomitic 
limestone that weathers a distinctive pale orange-buff color. Slightly coarser (silty) 
laminae weather in relief while intervening pale gray mudstone laminae are recessive; the 
latter are typically crosscut by silt infilled vertical burrows and/or small desiccation cracks 
and minor centimeter-scale scour and fill structures are common. This evidence indicates 
a peritidal origin for much of the Saluda with at last rare episodes of exposure. Rhythmic, 
centimeter laminites may record monthly tidal cycles; rarely a much finer scale of 
lamination can be observed that might record daily tidal cycles. If so, the entire Saluada 
may only record a few millenia of deposition. 
 
At present, the Saluda Member (sensu stricto) is considered to be a fourth 3rd order cycle 
(C5d). The sharp, perhaps erosive base of the Saluda (s.s.) represents a sequence 
boundary; the massive basal bed is considered to a TST to early highstand and records 
restricted, shallow subtidal. The main mass of the Saluda is clearly aggradational and 
reflects shallow subtidal to lower intertidal environments throughout with only minimal 
upward change. This thick page of shallow facies must have developed during a relatively 
short period of highstand conditions when carbonate sedimentation was in approximate 
balance with subsidence and.or minor eustatic rise. 
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Unit 7—Hitz Member (of Whitewater): The uppermost beds at the Rte. 421 outcrop are 
presently assigned to the Hitz Member of the Whitewater Formation, although a case 
could be made for separating this interval out as a formation in its own right (Fig. 17). 
Little data on age are available but the unit is considered to be upper Ashgill and probably 
uppermost Richmondian to earliest Gamachian (Hirnantian). Holland and Patzkowsky 
(1996) assigned this interval to the highest Cincinnatian 3rd order sequence C-6. 
 
The Hitz is about 6 m thick and consists mainly of blocky, buff weathering bioturbated 
dolostone and dolomitic limestone. The base is clearly demarcated at the sharp contact of 
a thrombolitic limestone bed; the latter is followed by thick beds of bioturbated dolostone, 
mudstone, and wackestone with thin intervals of distinctly “Saluda-like”, laminated facies. 
 
The uppermost beds of the Hitz Member and of the Ordovician as a whole are best 
examined in the highest part of the roadcut, which is set off from the lower cut by a 
recessed area along a small creek, where the outcrop is discontinuous. The highest Hitz 
beds distinctive beds and include a 15 cm thick interval of reddish brown clay shale with 
abundant small internal molds of gastropods and bivalves. This, in turn, is overlainby a 
dolomitic limestone with small brownish stromatoporoids and spar filled vugs that may 
represent coenostea that have been dissolved and infilled with calcite. 
 
Holland and Patzkowsky recognized six meter-scale cycles within the Hitz at this locality, 
each set off by a thin shale parting or interval at a contact interrpreted as a flooding 
surface. The stromatoporoid bed, however, may represent the TST of a small- scale 
sequence (4th order) depositional sequence. 
 
The uppermost beds of the Hitz comprise about 0.8 m of dolomitic wackestone that are 
sharply overlain by yellowish colored grainstone of the Silurian Brassfield Formation at 
the Cherokee Unconformity which here ranges from nearly planar to slightly irregular but 
shows no major channeling. 
 
SILURIAN SYSTEM 
Unit 1—Brassfield Formation 
The Brassfield Formation, is composed of approximately 25 to 50 cm yellowish-brown to 
gold weathering, medium- to coarse-grained skeletal grainstone-rudstone (Fig. 18). The 
unit is thin- to medium-bedded and lenticular with localized cross-bedding. This thin unit 
contains a rich fossil fauna dominated by crinoids and less common corals, 
stromatoporoids, brachiopods and bryozoans (BA 3-4) that are moderately to highly 
fragmented. Bioturbation is indistinct. Glauconite pellets are locally abundant and 
discontinuous oolitic ironstone stringers cap the unit (Norrish, 1991). It also contains 
abundant phosphatic clasts of Ordovician limestone near its base locally and its contact on 
the Ordovician is an undulating iron mineralized hardground. Together the facies data 
suggest slow to moderate sedimentation rates in a relatively high energy open marine 
inner to mid ramp depositional environment.Llandovery (middle Aeronian) D. 
kentuckyensis (modified from Rexroad (1967) and Nicoll and Rexroad (1968). 
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Unit 2—Lee Creek Member of the Brassfield Formation 
Unit 2, assigned to the Lee Creek Member of the Brassfield Formation, is composed of 
approximately 30 cm of orange weathering, greenish-tan, thin-bedded, silty dolomudstone 
to dolocalcisiltite (Fig. 18). Beds are thin and lenticular and phosphate and glauconite 
pellets are abundant (Nicoll and Rexroad, 1968; Norrish, 1991). This unit typically lacks 
macrofossils, though some fish bone has been reported locally (Norrish, 1991). 
Bioturbation is extensive (3-4). The basal contact of this unit is undulating and sharp and 
is marked by an iron-mineralized hardground developed on the underlying unit. Together 
the facies data suggest slow sedimentation though do not yield a clear picture of the 
environment of deposition. 
 
This unit is tentatively correlated with the lower limestone member of the Osgood 
Formation as exposed at the Napoleon quarry. 
 
pre-1997 Pt. (N.) celloni Zone; it is probably equivalent to the Waco Formation of 
Kentucky and southern Ohio Llandovery (early to late Telychian). 
 
Unit 3—Osgood Formation 
Unit 3, assigned to the Osgood Formation, is composed of approximately 4 m of olive-
green clay shales and yellowish-brown weathering dolomitic calcisiltites (Fig. 18). The 
dolocalcisiltites are differentiated from Unit 2 by the presence of chert, greater 
argillaceous content and absence of glauconite. Shelly fossils are scarce and bioturbation 
is moderate (ii. 2-3). Together the limited facies data suggest moderate sedimentation 
rates in an open marine low-energy mid-ramp setting. 
 
Rexroad reported the conodont Pt. amorphognathoides Zone indicating a Llandovery-
Wenlock (middle Telychian-early Sheinwoodian). Detailed cycle stratigraphic studies of 
Thomka (unpublished data) indicate a precise correlation with the interval formerly 
identified as lower Osgood shale in Indiana, western Ohio and Kentucky. The lower 
portion of the Osgood also correlates with the Rockway Dolostone of western New York 
and Ontario. The carbonate carbon isotopic curve clearly shows the ascending limb of the 
Ireviken excursion in this unit (Fig. 18). 
 
Unit 4—Lewisburg Formation 
Unit 4, assigned to the Lewisburg Formation, is composed of approximately 1.5 m of fine 
to medium-grained dolograinstone (Fig. 18). The upper third of the unit is set off by a 35 
cm interval of alternating gray shale and thin fine-grained dolograinstones. The unit is thin 
to medium bedded with beds amalgamated at wavy contacts. This unit contains an 
abundant macrofauna dominated by crinoids with lesser concentrations of brachiopods 
and small rugose corals (BA 3-4). Among the brachiopods Meristina is the most abundant. 
Burrow mottling indicates the presence of a complex Thallasinoides network (ii. 4-5). Rust 
spots, presumably from the oxidation of pyrite occur near the base and top of the unit. The 
lower contact is sharp and forms a prominent overhang in several places along the 
exposure. Together the facies data indicate relatively low sedimentation rates in a low 
energy open marine inner to mid ramp depositional environment. 
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Figure 18. Stratigrapahic column of Silurian strata at Rt 421 Roadcut Madison, Indiana. 
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The unusual abundance of Meristina in this unit indicates the Meristina epibole. Thus, it is 
correlated with the upper Osgood limestone of the Napoleon quarry and with the M. 
cylindrica Zone of the basal Bisher. Although diagnostic conodonts have yet to be 
recovered from this locality recent work on litholoigically and stratigraphically identical 
Lewisburg Formation in western Ohio has provided some constraints. Certain localities 
have yielded condonts suggestive of the upper K. ranuliformis Zone (Kleffner et al., 2012). 
However, the presence of conodonts that appear transitional between Kockelella 
ranuliformis and K. walliseri in the lower Lewisburg Formation at John Bryan State Park 
(M. Kleffner, suggests that this unit may belong to the K. ranuliformis Zone and that the 
lower range of K. walliseri may extend to this level, rendering this conodont highly 
diachronous.  
 
Unit 5—Massie Formation 
Unit 5, previously assigned to the informal “lower shaly member” of the Laurel Formation 
(Peterson, 1981), the lower member of the Massie Formation (Brett et al., in press) is 
composed of approximately 1 m of medium- to dark-gray dolomitic clay shale and thin, 
lenticular, argillaceous dolomarlstones (Fig. 18). Body fossils have not been found. 
Bioturbation is moderate (ii. 2-3) and dominated by large Chondrites. In contrast to the 
planar bedding of the surrounding units, this unit shows mounding in several places along 
the outcrop, suggesting the presence of shaly bioherms. Another distinctive feature of this 
unit is the rust spotting that occurs at several horizons. Together the limited facies data 
suggest moderate siliciclastic sedimentation rates in a mid ramp depositional environment. 
 
Although, again, no diagnostic conodonts have been identified for this locality, samples of 
the Massie Shale in Ohio have yielded conodonts including O. s. rhenana and K. walliseri 
which would normally indicate a lower K. walliseri zonal assignment, i.e., an early 
Wenlock (middle Sheinwoodian) age (but see cautionary note above regarding the early 
appearance of K. walliseri). 
 
Unit 6—upper member of Massie Formation 
Unit 6, was previously assigned to the informal “lower burrowed member” of the Laurel 
Formation, but was reassigned to the Massie Formation by Brett et al., (in press) is 
composed of approximately 1.5 m of yellowish-gray to tan, fine-grained dolograinstone to 
dolocalcisiltite (Fig. 18). The strata are thin- to medium-bedded (though weathers massive 
in places), wavy, amalgamated and distinctly planar. Burrow mottling is extensive (ii. 4-5) 
and macrofossils have not been identified. It forms a prominent overhang and has a sharp 
rust-spotted contact on the underlying unit. Together the limited facies data are tentatively 
interpreted as indicating slow deposition in a margin marine lagoonal environment. 
 
Diagnostic conodonts have yet to be recovered but the lower Laurel is Wenlock (middle-
late Sheinwoodian) based on isotope stratigrpahy. 
 
Unit 7—“vuggy member” of the Laurel Formation 
Unit 7, assigned to the “vuggy member” of the Laurel Formation (Peterson, 1981), is 
composed of over 5 m of massive, dark-gray weathering, light-bluish-gray dolopackstones 
and dolograinstones. It is perforated by abundant vugs, especially in the upper half and 
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has a rough, pitted appearance. Clean parts of the exposure reveal thin- to medium-bedded 
strata that are tabular and amalgamated with an abundance of small white chert nodules. 
These beds are highly fossiliferous in places and are dominated by crinoids (BA 3-4?). 
The skeletal grains are predominantly molds that suggest that the original skeletal grains 
were moderately to highly fragmented. Bioturbation is indistinct. Together the limited 
facies data suggest moderate to high carbonate sedimentation rates in a low to moderate 
energy, inner to mid ramp depositional environment. 
 
§This unit is correlated with the middle Laurel Formation of the Napoleon quarry (Unit 9).  
 
Unit 8—“quarry stone member” of the Laurel Formation 
Unit 8, assigned to the “quarry stone member” of the Laurel Formation (Peterson, 1981), 
is composed of approximately 9 m of dark gray weathering, light gray, fine- to medium-
grained dolograinstone split by thin gray shales (Fig. 18). The dense, tabular, medium- to 
thick-bedded strata are a distinguishing characteristic of this unit. A thick bed, 
approximately 1 m above the base of the unit, is distinctive for its fine-grained heavily 
bioturbated (ii. 4-5) appearance. Stratigraphic marker horizons near the top of the unit 
include several yellowish-orange chert bands and an abundance of small spar-filled vugs. 
The molds of crinoids are visible in several beds, but otherwise the massive and dirty 
nature of the exposure makes recognition of other faunal elements difficult (BA 3-4?). 
However, articulated trilobites including Calymene have been recovered from this locality 
(D. Mikulik). The stratigraphic positon and lithology strongly suggest that this unit 
correlates at least in part with the Springfield Formation in Ohio. The top of the exposure 
is marked by a rusty mineralized surface. Together the facies data suggest moderate 
carbonate sedimentation rates in an open marine inner to mid ramp depositional 
environment. 
 
STOP 3.  NAPOLEON QUARRY, NAPOLEON, INDIANA 
Patrick McLaughlin, James Thomka, Carlton E. Brett and Donald Mikulic and Joanne 
Kluessendorf 
 
Coordinates 
Latitude:  N 39°12'31.21" 
Longitude:  W 85°18'48.43" 
Elevation: 940-990’ (base to top of quarry) 
 
The Napoleon quarry, operated by New Point Stone Company, displays the entire 
Llandovery-Wenlock interval viewed on Day 1. Note that this succession bears great 
similarity to that of the Wysong Stone quarry. The quarry is located north of IN-48 
approximately 1 km east of Napoleon, Indiana (Fig. 19). The Silurian/Ordovician contact 
is displayed in the lowest layers of the quarry and the succession continues upward into 
the basal Louisville Limestone at the top of the quarry. The Waldron Shale is absent in 
this and nearby localities. This section was studied by Rexroad (1980). Figure 20 
compares this locality with two other Llandovery-lower Wenlock successions in southern 
Indiana. 
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Figure 19. Silurian (Llandovery-lower Wenlock) succession at Napoleon Quarry, 
Napoleon, Indiana. 
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Figure 20. Comparisons of Silurian (Llandovery-lower Wenlock) succession at three 
localities (SE-NW) in southern Indiana. Note condensation of Osgood 
Formation and thinning of Massie interval. 
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Unit 1—“golden” Brassfield Formation 
Unit 1, informally assigned to the “golden” Brassfield Formation, is composed of 
approximately 3.5 m of yellowish-orange weathering, wavy-bedded grainstone (Fig. 19). 
The strata are wavy, lenticular and medium-bedded. The macrofauna is relatively diverse, 
dominated by crinoids and lesser amounts of corals and brachiopods (BA 3-4). The 
skeletal grains appear moderately to highly disarticulated and fragmented and evidence for 
bioturbation is sparse. The available facies data suggest moderate sedimentation rates in 
an open marine, inner to mid-ramp depositional environment. 
 
§This unit is correlated with the “red” Brassfield as exposed in the Wysong and CEMEX 
quarry sections. Note that this correlation suggests that the “white” Brassfield is 
completely missing in this section. The presence of D. kentuckyensis is indicative 
Llandovery (Rhuddanian?-middle Aeronian?) age. 
 
Unit 2—“lower limestone” of the Osgood Formation 
Unit 2, assigned to the “lower limestone” of the Osgood Formation (Foerste, 1897), is 
composed of approximately 15 cm of light-gray, fine-grained dolograinstone (Fig. 19). 
Macrofossils are sparse and appear to be dominated by small crinoids (BA ?). 
Bioturbation is moderate (ii.3) and is in part outlined by multiple wavy orange 
mineralized horizons. This unit rests upon a heavily iron mineralized, bored, and 
encrusted hardground developed upon Unit 1. Together the facies data provide little 
insight into the depositional environment of this very thin unit. 
 
Rexroad (1980) suggested that this unit is not equivalent to the Lee Creek Member of the 
Brassfield Formation based on its conodont composition. Nicoll and Rexroad (1968) 
noted that the Lee Creek Member is distributed only throughout southeastern Indiana and 
west-central Kentucky from Madison, Indiana to Mt. Washington, Kentucky, just south of 
Louisville. This unit is correlated with the basal Dayton Formation as exposed in the 
Wysong Stone quarry and the upper Dayton Formation as exposed in the CEMEX quarry. 
 
We regard the Osgood (sensu stricto) Llandovery (middle-late Telychian).  
 
In the pre-1997 terminology Rexroad (1980) assigned the Osgood to the Pt. 
amorphognathoides-K. ranuliformis Zone of latest Llandovery to Wenlock (late 
Telychian-early Sheinwoodian). 
  
Unit 3— Osgood Formation 
The Osgood Formation (sensu Brett et al., in press), previously assigned to the “lower 
shale” of the Osgood Formation (Foerste, 1897), is composed of approximately 2 m of tan 
to orangish-tan weathering, argillaceous, fine-grained dolograinstones and 
dolowackestones that alternate with thin, dolomitic olive-gray shales (Fig. 19). 
Macrofossils are sparse, but scattered crinoids and small brachiopods are present (BA 4?). 
Bioturbation is moderate to high (ii. 3-4). Together the facies data suggest relatively slow 
sedimentation rates in a low-energy mid ramp depositional environment. 
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This unit is correlated with the middle Dayton Formation as exposed in the Wysong Stone 
quarry and the Osgood Formation as exposed in the CEMEX quarry. 
 
Conodonts of the Pt. amorphognathoides-K. ranuliformis Zone were identified by 
Rexroad (1980) indicating the Llandovery-Wenlock (late Telychian-early Sheinwoodian). 
 
Unit 4—Lewisburg Formation 
Unit 4, assigned to the “upper limestone” of the Osgood Formation (Foerste, 1897), is 
composed of approximately 1 m of tan to light-gray, amalgamated, medium-bedded 
dolograinstone and dolopackstone divided by a 10 cm interval of alternating gray shale 
and thin, nodular fine-grained dolograinstones (Fig. 19). The unit contains abundant, 
partially fragmented crinoids and brachiopods including Meristina cf. cylindrica. Burrow 
mottling is pervasive, indicating abundant Thallasinoides (ii. 4-5). The basal contact is 
sharp. Together the facies data suggest low sedimentation rates in a low-energy inner to 
mid ramp depositional environment. 
 
The abundance of Meristina within this unit is interpreted as the Meristina epibole. In 
addition to the other stratigraphic data, the presence of this epibole indicates correlation 
with the upper Dayton Formation. Previously reported conodonts suggest assignment to 
the Pt. amorphognathoides-K. ranuliformis Zone (Rexroad, 1980) and thus Llandovery-
Wenlock (late Telychian-early Sheinwoodian) 
 
Unit 5—Massie Shale 
Unit 5, assigned to the “upper shale” of the Osgood Formation (Foerste, 1897), the Massie 
Formation is composed of approximately 1 m of dark- to medium-gray, dolomitic shales 
and light-gray dolocalcisiltites and dolowackestones (Fig. 19). This unit contains a diverse 
macrofauna in both the dolowackestones and the shales and includes bryozoans, 
brachiopods, crinoids and cystoids (BA 4). It is famous among local fossil collectors for 
its relatively abundant diploporan cystoids, including several species of Holocystites. 
Skeletal grains range from disarticulated and partially fragmented to pristine and 
bioturbation is moderate (ii. 2-3). In the southern quarry face this unit displays small, 
highly fossiliferous shaly bioherms with crinoidal flank beds. The basal contact of this 
unit is marked by a pyrite coated hardground. Together the facies data indicate moderate 
siliciclastic sedimentation rates in an open marine low energy mid ramp depositional 
environment. 
 
In this part of Indiana the Massie Shale includes more than 30 species of bryozoans, 
nearly all of which are shared with the Rochester Shale in New York (Bassler, 1913). This 
unit is also noted for its diversity of blastozoan echinoderms, including forms such as 
Stephanocrinus angulatus, Paracolocrinus paradoxicus and Caryocrinites cf. ornatus, 
which are otherwise largely restricted to the Rochester Shale of New York-Ontario. 
 
Unit 6—Massie Formation, Upper Member 
Unit 6, The upper Massie of Brett et al. (in press) formerly assigned to the basal portion of 
the Laurel Formation, is composed of approximately 0.75 m of tan weathering, greenish-
gray, medium-bedded, argillaceous, fine-grained dolograinstone (Fig. 19). Macrofossils 
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are absent from this unit and it is heavily burrow mottled. The available facies data limit 
the reliability of interpreting the depositional environment unit, though we suspect it 
represents a marginal marine lagoonal setting. 
 
Rexroad (1980) recovered a very sparse conodont fauna from this interval composed of 
non-diagnostic forms. 
 
Wenlock (middle to late Sheinwoodian) 
 
Unit 7—Laurel Formation 
Unit 7, assigned to the middle portion of the Laurel Formation, is composed of 
approximately 3.5 m pinkish-gray, fine- to medium-grained dolograinstone (Fig. 19). The 
strata are thin- to medium-bedded and tabular. The unit is distinctive for containing 
multiple horizons of white chert nodules. Macrofossils are difficult to recognize in this 
unit and appear to be dominated by crinoids (BA 3-4?). Burrow mottling is subtle (ii. 3-4) 
and is dominated by Thallasinoides. A thin zone of pyrite nodules is prominent near its 
base. The contact with the overlying unit is cryptic and is marked by a prominent parting 
just above the highest horizon of white chert nodules. Together the facies data suggest low 
to moderate sedimentation rates in an open marine low-energy inner to mid-ramp 
setting.western Ohio sections. 
 
Unit 8—Laurel Formation 
Unit 8, assigned to the upper Laurel Formation, is composed of approximately 2.5 m of 
pinkish-gray and greenish-gray, fine- to medium-grained dolograinstone to 
dolowackestone containing multiple thin, wavy dolomitic shale horizons (Fig. 19). The 
unit is medium- to thick-bedded and tabular. Macrofossils within this unit are difficult to 
identify and appear to be dominated by crinoids (BA 3-4?). A thick bed, 50 cm up from 
the base of this unit, shows pervasive burrow mottling (ii. 4-5). Together the facies data 
suggests moderate to low sedimentation rates in an open marine low-energy inner to mid-
ramp setting. 
 
§This unit is correlated with the Springfield Formation as exposed in the Wysong Stone 
quarry. 
 
Unit 9—Louisville Formation 
Unit 9, assigned to the Louisville Formation, is composed of over 1 m of dark gray to 
rusty orange weathering, light-gray, fine- to medium-grained dolograinstone-rudstone 
(Fig. 19). This exposure reveals only the very bottom of this massive unit that is up to 33 
m thick in this region (Butts, 1905). The bedding is tabular and distinctly thinner than the 
underlying unit. Macrofossils are abundant, preserved as external molds, and are 
dominated by crinoids and brachiopods (BA 3-4). Bioturbation is difficult to detect. The 
contact on the underlying Laurel is sharp, iron mineralized, undulating, and truncates up 
to 15 cm of the underlying section locally. Together the facies data suggest deposition in a 
low-energy open marine inner to mid ramp setting.  
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The presence of the brachiopods Rhipidium (Foerste, 1935) and Kirkidium (Berry and 
Boucot, 1970) in the Louisville Limestone near Louisville, Kentucky suggests a late 
Wenlock to Ludlow age.  
 
Rexroad et al. (1978) reported Kockellella variabilis Zone conodonts from the Louisville 
Limestone in Clark County, indicating a late Wenlock to Ludlow age. Diagnostic 
conodonts have yet to be recovered but based on brachiopods this interval is of Wenlock-
Ludlow (middle Homerian to early Gorstian)? 
 
Napoleon Quarry “Sea Stacks” 
The Brassfield bench at the Napoleon Quarry has been developed to extract the Brassfield 
Limestone selectively, and it is generally uniform in both lithology and thickness. 
Important exceptions have been observed, however, in localized areas in the northern part 
of the quarry. Here, several anomalous large-scale features have been observed 
periodically since the 1990s, as the walls have been altered by quarrying (Figs. 21, 22). 
 
 
 
Figure 21. A. Recent exposure of micritic “sea stack” within the Brassfield bench along 
the west wall of the northern pit of the Point Stone Co. Napoleon. B. Older 
exposure of micritic “sea stack” south of Figure A, showing small micritic 
patches and lenses within the Brassfield Limestone, the sharp contact between 
a micritic structure and the Brassfield, and the sequence boundary between 
the Brassfield and overlying Osgood Formation. Photo from “2001 Quarry” in 
2011. 
 
 
Seldom well exposed or accessible, these large and conspicuous features are composed of 
very dense, even-textured, irregularly-bedded, micritic limestone, exhibiting patchy 
coloration of light greenish-gray to dark reddish-gray, which contrasts sharply with the 
yellowish-brown, medium-bedded, fossiliferous grainstone of the Brassfield Limestone 
(Fig. A). This micritic lithology is somewhat similar in appearance to common small 
patches and lenses of micrite (less than a cm thick) that are scattered throughout the 
Brassfield in some areas of the quarry. The Brassfield overlies and abuts the sides of these 
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large micritic features, with exceptionally sharp and distinctive contacts (Fig. 21B), but 
because of poor exposure it is unclear whether the features all rest on underlying 
Ordovician strata or if some might rest on basal Brassfield beds. At some locations, 
Brassfield strata appear to dip away gently from the sides of the structures. Smaller similar 
micritic bodies (a few cms in diameter) seem to “float” within the Brassfield, and what 
look like small “clasts” of Brassfield have been observed within the micrite. These latter 
occurrences are difficult to interpret, however, in two-dimensional exposures. 
 
 
 
Figure 22. Older exposure of micritic “sea stack” south of Figure A, showing small 
micritic patches and lenses within the Brassfield Limestone, small distinct 
micritic body (circled in yellow) and the sharp contact between a micritic 
structure and the Brassfield (outlined in yellow), and the Figure B. Older 
exposure of micritic “sea stack” south of Figure A, showing small micritic 
patches and lenses within the Brassfield Limestone, and the sequence 
boundary between the Brassfield and overlying Osgood Formation (at 
arrow). Photo from 1996. 
 
 
Ranging from about a meter in diameter to as much as 3 m high by 7 m wide, the largest 
individual structures are all overlain by a half-meter or more of Brassfield Limestone (Fig. 
21 A). The shape of the larger structures is irregular but fairly angular. They are generally 
broader toward the base and, progressing upward, they might narrow abruptly more than a 
meter inward. In some examples, this takes the form of a narrow shelf-like surface. Upper 
portions of the structures typically display either near-vertical or overhanging sides. The 
micritic structures are in part unfossiliferous, but some do exhibit scattered monotypic 
layers or patches of abundant large strophomenid brachiopods, many of which are 
oriented as imbricated valves standing on edge. 
 
In the Napoleon Quarry, the Brassfield Limestone is bounded by relatively planar, but 
temporally significant, sequence boundaries/unconformities, one of which we believe 
resulted in the formation of these large micritic structures. Throughout most of the quarry 
the lower unconformity represents the Ordovician/Silurian boundary where the Silurian 
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Brassfield overlies the highly fossiliferous and highly argillaceous Ordovician Whitewater 
Formation. Generally, this contact is poorly exposed because it is covered by rubble at the 
base of the Brassfield bench face. This contact has not yet been exposed at the locations of 
the micritic bodies. Another temporally significant (late Telychian) and dominantly planar 
unconformity marks the boundary between the Brassfield Limestone and the overlying 
Osgood Formation, a well-bedded, even-textured argillaceous limestone. 
 
Originally, we proposed that the micritic structures might represent the infilling of caves 
within the Brassfield Limestone, which were formed by post-Brassfield karstification 
during a period of emergence and erosion. In this case, the caves would have been filled 
either with post-Brassfield and pre-Osgood sediments of a unit that was mostly eroded 
away or with early Osgood sediments. Additional study and new, more extensive 
exposures of these structures (Fig. 21), now suggest that they may represent “sea stacks,” 
which had been eroded from Ordovician rocks and were buried during deposition of the 
Brassfield. The most important new lines of evidence favoring a sea-stack origin for these 
structures are localized borings at their surface filled with possible Brassfield sediment 
and the presence of likely Ordovician conodonts (R. Norby, personal communication, 
2012), within these strata. 
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IGCP 591 POST-MEETING FIELD TRIP ROADLOG AND STOP 
DESCRIPTIONS FOR DAY 2. 
 
 
Figure 23. Route map for IGCP 521 Post-meeting Fieldtrip. Day 2. Northern Kentucky 
and southern Indiana. From Google Maps. 
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IGCP 591 POST-MEETING FIELD TRIP ROADLOG AND STOP 
DESCRIPTIONS FOR DAY 2 
 
ROAD LOG 
Total Miles Description 
 
Mileage Directions and Geological Significance 
0.0 Begin road log at Intersection of Martin Luther King Drive and the entrance to 
the Woodside Garage on the University of Cincinnati Campus 
0.1 Turn left (west) onto Martin Luther King Drive 
0.8  Cross junction/ cross Mill Creek in under-fit pre-glacial valley of an ancestral 
Teays Drainage tributary 
1.0  Turn right onto Interstate 75 South 
2.9 Union Terminal and the Cincinnati Museum Center  
4.6 Crossing the Ohio River on I-75 Brent-Spence Bridge 
4.6 Entering the State of Kentucky 
6.4-6.7 “Cut in the Hill” along I-75; Kope Formation; Upper Ordovician 
10.9 Exit 182 for I-275 (westbound leads to CVG airport) 
 Florence Y’All water tower adjacent to Florence shopping mall; construction 
of a parking lot in late 1970s revealed pavements of Rafinesquina brachiopods 
with abundant edriosateroids (Isorophus cincinnatiensis) 
20.2 Exit 175, for Richwood and Big Bone Lick State park; classic Pleistocene 
mammal locality 
23.4 Exit 173: Turn right on Exit to I-71 South 
46.4 Exit 57 (of I-71) for Kentucky Speedway (for NASCAR and other car 
races) 
  Carroll County Line 
43.9 Small outcrop of Kope Formation 
55.0 Exit 44 for historical town of Carrollton, KY; entering Kentucky River 
Valley 
56.0 Crossing Kentucky River near its confluence with the Ohio River 
57.7 Outcrop of upper Kope Formation (southbound lane) 
59.2 Outcrop of Kope -Fairview Formation contact 
59.8 Road sign commemorating site of horrific 1988 fatal bus crash  
60.5 Skylighted railroad tunnel on left shows huge outcrop of Fairview and Grant 
Lake formations  
61.0  MM 39; prepare to slow 
61.3 STOP 1. CUTS ON I-71 ATTRIMBLE/CARROLL COUNTY LINE, KY; 
Road cuts in Grant Lake (Bellevue-Corryville-Mt. Auburn of Ohio) to 
shaly bull fork (arnheim) formation (description on p. 75). 
 
62.1 Henry County Line 
65.5 Outcrops of Bull Fork (Arnheim) Formation on both sides 
66.5 Exit 34 for Rte. 421, New Castle 
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67.0 Outcrops of Rowland Member, Drakes Formation 
68.1 Outcrops of Rowland Member, Drakes Formatio both sides; coral bed in 
outcrop to right 
68.5 Outcrops of Rowland Member, Drakes Fm 
70.5 Outcrops of Drakes Fm. slight dolomitic 
70.9 Outcrops of Saluda Member 
72.0 cross Little Kentucky River 
72.3 Exit 28 for Sligo, KY; excellent outcrops of upper Bardstown and lower 
Saluda Member; Drakes Formation in exit lanes on both sides  
72.8 Outcrops of Saluda Member 
74.0 Outcrops of Bardstown Member 
79.6 Outcrops of lower Saluda Member 
76.9 Outcrops of Saluda Member 
77.6 Exit 22 Rte. 53; outcrops of Saluda Mbr just before exit ramp 
81.0 Turn right onto Exit 18 for Buckner 
81.4 Turn left (east) on KY 393, towards Centerfield, KY 
81.7 Pull off on shoulder at large road cut on both sides of KY Rte. 393  
 
STOP 2. CUTS ALONG KY 393, BUCKNER, KY.  
Upper Ordovician (Ashgill; Richmondian) Bardstown and Saluda Members of 
 Drakes Formation (description on p. 82).  
 
Mileage  Directions and Geological Significance 
81.8 Turn around and return to entrance to I-71 Southbound 
83.1 Large cut on right exposes Silurian Osgood Shale, Lewisburg Dolostone, 
Massie Shale, and Laurel Formations 
83.4 Exit 17 for Peewee Valley and Crestwood 
84-85.5 Small outcrops of Louisville Formation both sides 
85.7 Exit 14 to Rte 329, mile marker 14; Laurel Fm.-Waldron Shale-Louisville 
Formation in exit lane exposure 
85.8 Take exit 14 for Stop 3. 
85.9 Turn left onto KY Rte. 329 
86.2 Pull in to left into abandoned gas station and park. Walk to cut behind 
building and then along Rte. 329 
  
STOP 3A.  CUTS ALONG RT. 329  CRESTWOOD (PARK LAKE), KY 
The Park Lake roadcut features near continuous exposure of the majority of the 
 Llandovery-Wenlock interval exposed in the region (description on p. 85). 
  
To examine optional stop 3B continue east on Rte. 329 for approximately  
 
STOP 3B (OPTIONAL) CUT ALONG RTE 329 NEAR S. OLDHAM HIGH 
SCHOOL (description on p. 90).  
 
87.7 Retrace route to I-71 southbound entrance ramp continue S on I-71 
88.2 Merge onto I-71 south 
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88.4 Excellent exposure descending into valley; Laurel Dolostone downward 
  to Massie/Lewisburg and complete very rhythmic Osgood Shale  
89.0 Large ascending section of Lewisburg-Massie and Laurel Dolostone 
89.3 Exit for Rest Stop Laurel Dolostone overlying upper Osgood shale and upper 
Osgood carbonate unit and upper shale  
89.8 Mile 12 
92.6 Gene Snyder Expressway Bypass 
96.5 Waterson Expressway I-264 Bypass 
97.2 Pull off on shoulder of I-71 
 
STOP 4. I-71 CUTS WEST OF WATERSON EXPRESSWAY 
Vertical cut in Silurian Louisville Formation (cement gray) overlain by Mid Devonian 
 Jeffersonville Limestone with large coals; contact is the famed Louisville (Wallbridge)  
paraconformity: ~30 MYA. (description on p. 90).  
 
97.9 End outcrop Louisville-Jeffersonville ( Louisville paraconformity) 
101.6 I 65 N to Indianapolis; end 71. Keep Left toward I-65 N toward 
Indianapolis 
102.4 Keep Left I 65 N split Cross the Ohio River on John F. Kennedy 
Memorial Bridge into Indiana 
103.1 Enter Indiana; turn right immediately onto Exit 0 to downtown following 
signs for Falls of the Ohio visitors center 
103.2 Turn left onto Court Avenue and pass under I-65 and 
  immediately; turn left onto North Shore Drive 
103.4 Turn left onto Southern Indiana Avenue 
103.5 Pass through flood wall and turn right on West Riverside Drive 
104.2 Bear left on Riverside Drive at fork and proceed to Falls of the Ohio 
visitor center 
104.3 Park at Falls of the Ohio parking lot 
 
STOP 5. LUNCH STOP. FALLS OF THE OHIO VISITOR CENTER (description on 
p. 90).  
The Falls of the Ohio State Park and visitor’s center provides an excellent overview of the 
spectacular coral beds of the Middle Devonian Jeffersonville Limestone. The Falls of the 
Ohio area of southern Indiana and northern Kentucky represents one of the most classic 
regions for study of midcontinent Paleozoic rocks. The region of Louisville, Kentucky 
was originally settled in part, because of the major rapids produced here in the Ohio River 
Valley where the river crosses a minor anticlinal structure. The area of southern Indiana 
and Northern Kentucky is among the most fossil rich Paleozoic sections in the world. In 
particular, the Jeffersonville limestone exposed at the Falls of the Ohio has yielded more 
than 600 named species of fossils and includes one of the most diverse coral assemblages 
in the entire geologic record (Stumm, 1964). We will briefly examine the fossiliferous 
beds. Note that fossil collecting is prohibited in the park; also coral beds may be 
inaccessible at time of visit. 
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Ledges of the Coral Zone are exposed in the Ohio River bed and water level is commonly 
high enough to over these beds. However, ledges above the river level show the smaller 
corals and stromatoporoids of the Amphipora ramosa Zone, named for small pipe-like 
stromatoporoids. Ledges some distance above the water level are replete with valves of 
the small spiriferid brachiopod Brevispirifer gregarius. Silicified specimens weather in 
relief on the limestone surface/ Just above a persistent chert layer fossil rich beds of the 
Bryozoan-Brachiopod Subzone of the Paraspirifer acuminatus Zone are well exposed in 
some of the upper most ledges above river level. These beds are richly fossiliferous and 
yield abundant large gastropods, small rugose corals, varied brachiopods and several 
crinoid and blastoid thecae. 
 
 Return to vehicles and leave parking lot, reversing route back to West 
Riverside Drive 
104.7 Turn left on South Sherwood Avenue 
105.1 Turn right on East Montgomery Street 
105.4 Turn left on Marriott Drive 
105.9  Turn right on Stansifer Ave.  
106.0 Pass under I-65 and turn left on Ind-62/US 31 
106.9  Merge onto I-65 N via ramp on left to Indianapolis 
~108 Left side; visible in the distance Knobstone Escarpment  Mississippian Borden 
Formation siltstones 
111.0 I 265 Bypass exit  
113.4 Turn right onto Exit 9 for US Rte. 31 Sellersburg Devonian New Albany 
shale in exit lanes   
114.0 Turn right onto Route US 31, Sellersburg, Indiana 
114.1 Keep Straight, merge onto Route 31 N  
114.5 Turn Right onto West Utica Street 
114.8 Cross two sets of railroad tracks 
115.3 STOP 6. Sellersburg Quarry on left; turn left check in at quarry office 
then proceed straight ahead onto quarry access road (description on p. 91). 
115.8 View of northern part of Sellersburg Quarry on left; crushers and crush piles to 
right 
115.9 Turn left onto road leading down into quarry;  
115.4 Follow road right toward SE end of quarry 
116.1 Stop near SE wall showing excellent section of Waldron Shale 
116.3 Return to quarry entrance and check out 
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IGCP 591 CINCINNATI: POST-MEETING FIELD TRIP 
DAY 2. OUTCROP DESCRIPTIONS 
 
 
STOP 1. MAYSVILLIAN STRATA ALONG I-71 AT THE TRIMBLE-CARROLL 
COUNTY LINE, KY. 
 
Thomas J. Schramm, Benjamin F. Dattilo, Carlton E. Brett 
 
Coordinates 
lower     upper 
Latitude:  N 38° 37' 10.5"  Latitude:  N 38° 37' 10.5" 
Longitude:  W 85° 09' 32.0"  Longitude:  W 85° 09' 32.0" 
Elevation: 730’   Elevation: 800’ 
 
A series of outcrops along I-71 southwest of Carrollton Kentucky exposes Maysvillian 
strata of the West-Central Cincinnati Arch. These include poorly exposed sections of the 
Fairview Formation near the site of the 1988 bus crash, a nearly complete Maysvillian 
section in a steep railroad cut of the CSX railroad line, parallel to I-71 and Mill Creek 
Road, and exposures of the upper Maysvillian Stage on either side of I-71 at the Trimble-
Carroll County line, and near the border of Henry County. On southbound I-71 (Fig. 23) 
approximately 28 meters of strata are easily accessible ranging from the uppermost 
Miamitown Shale, Gilbert Member of Ashlock Formation (Bellevue and lower 
Corryville), and Grant Lake Formation (middle-upper Corryville and Mt. Auburn), 
without the safety concerns associated with the nearby railroad cut (Figs. 24, 25). 
 
 
 
Figure 24. Outcrop photographs of Maysvillian strata along I-71 at the Trimble-Carroll 
Co. Line. A) Photograph of Mt. Auburn Mbr. exposures. B) Photograph of 
Bellevue, Corryville, and Mt. Auburn Mbr. exposures. 
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Figure 25. Stratigraphic section of the Miamitown Shale through lower Mt Auburn 
Member exposed along I-71 at the Trimble-Carroll Co. Line, Kentucky. 
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Miamitown Shale 
Located in the roadside ditch, approximately 43 cm of green mudstone is exposed; this 
thin interval represents the uppermost Miamitown Shale. While present on the western 
limb of the Cincinnati Arch, this same unit is absent on the eastern limb. Despite this, a 
major change in depositional facies occurs at its upper contact. 
 
Gilbert Lithofacies: “Gilbert Member of the Ashlock Formation” 
Sharply overlying the green mudstones of the Miamitown Shale are cross-bedded 
calcarenites and oncoidal grainstones that have in some areas been assigned to the Gilbert 
Member of the Ashlock Formation (Foerste, 1912; Weir et al., 1984). 
 
Regionally this unit grades westward into biomicrites including oncolites, recrystallized 
vugs, and stromatoporoids. Correlations to the type Cincinnatian indicate that the Gilbert 
Member includes both the Bellevue Member and basal grainstones of the lower Corryville 
Member (Schramm, 2011); these two units are discussed below (Fig. 25). 
 
Bellevue Member  
This sharp offset in facies from quiet mudstone conditions of the Miamitown to high 
energy, cross bedded grainstones, indicates the presence of a significant sequence 
boundary at the basal Gilbert Member (Bellevue) contact (Fig. 25). Correlations from 
Cincinnati Ohio, indicate that the basal approximately 4 meter thick grainstone compose 
the Bellevue Member and represent basal transgressive deposits. A middle shaly interval 
within this calcarenite unit may represent the middle Bellevue “Rafinesquina Shale” of 
Dattilo (1998). 
 
Lower Corryville Member 
Equivalent horizons of the basal Corryville Member are found within the Gilbert 
lithofacies. Defined by a sharp boundary between “thin, wavy-bedded, shale poor strata, 
of the Bellevue, and the beginning of thicker, planar bedded shales and limestones of the 
Corryville” (Tobin, 1982, p. 166), a change from crossbedded grainstones to shaly, 
argillaceous rubbly packstones at approximately meter 4 (Fig. 25), indicate the base of the 
time equivalent Corryville Member. This argillaceous unit representing the minor 
highstand of the Bellevue Member 4th order cycle (Schramm, 2011). 
 
A series of four oncoid beds of the typical “Gilbert lithofacies” represent type 
Cincinnatian equivalent, transgressive basal grainstones of the lower Corryville Member. 
These oncoidal pack-grainstones formed in a high-energy shoal-like setting and indicate 
deepening upward and sediment starvation during this interval. The upper contact of this 
unit strongly resembles a maximum starvation/maximum flooding surface at 
Fredericktown, Kentucky (Weir et al., 1984 Fig. 25; Schramm, 2011). This series of 
oncoid beds is regionally pervasive and occurs in this position throughout much of the 
western limb of the Cincinnati arch locally grading into interbedded brown or tan, 
calcareous shales and wackestones with birdseye structure, larger vugs, and a restricted 
mollusk-rich fauna with Hebertella and vuggy recrystallized stromatoporoids. 
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Grant Lake lithofacies: “Grant Lake Formation” 
Typical Maysvillian Grant Lake Formation (Peck, 1966), or lithofacies deposits overlie 
shallow marine oncoidal carbonates of the Gilbert/lower Corryville. Composed 
dominantly of rubbly argillaceous bioclastic packstones rich in Platystrophia ponderosa, 
this unit is regionally extensive. The boundaries of this lithostratigraphic unit, however, 
are diachronous, encompassing the Bellevue and lower Corryville equivalents in 
Maysville Kentucky, but only portions of the middle Corryille here at the Trimble-Carroll 
County line. Likewise, while the Mt. Auburn equivalent strata are considered to be part of 
the Grant Lake lithofacies in Maysville (Weir et al., 1965; Weir et al., 1984) throughout 
much of the western limb of the Cincinnati Arch. This makes the lithologically-defined 
Grant Lake Formation useless for correlation. Despite this, differentiation within the Grant 
Lake lithofacies between middle-upper Corryville and Mt. Auburn equivalent strata is 
easily recognizable, as the latter is composed dominantly of phosphatic grainstones 
(Schramm, 2011). 
 
Middle-upper Corryville Member  
Sharply overlying oncoidal carbonates of the Gilbert/lower Corryville are rubbly 
argillaceous bioclastic packstones of the middle-upper Corryville Member (Fig. 25). This 
deepening upwards trend at the contact indicates that the middle-upper Corryville interval 
comprises a highstand deposit. These rubbly bioclastic packstones observed at the 
Trimble-Carroll County line are the lateral equivalents to the more typical “butter” shales 
(mudstones), famed for enrolled trilobites, and compact pack-grainstones of the type-
Corryville Member in Sebree trough sections north of Cincinnati, Ohio. The middle 
Corryville interval is rich in brachiopods, Platystrophia ponderosa, and Hebertella 
occidentalis and the trinagulate strophomenid Rafinesquina nasuta provides a distinctive 
index fossil for this unit. Tabular fine-grained carbonates equivalent to the upper 
Corryville interval comprise the falling stage interval of the Bellevue-Corryville cycle 
(Schramm, 2011). 
 
Mt. Auburn Member 
Formerly considered part of the Grant Lake lithofacies, the base of the Mt Auburn 
Member is actually marked by a sharp boundary between rubbly weathering argillaceous 
bioclastic packstones, and prominent ledge-forming compact phosphatic carbonate 
grainstones at approximately 17 meters (Fig. 26). This juxtaposition of facies is 
recognized by Schramm (2011) as a major sequence boundary occurring within the Grant 
Lake Formation. Within the Mt. Auburn Member is a widespread middle shaly unit 
overlain by rip-up clast bearing carbonates of the upper Mt. Auburn Member (Fig. 26). 
These phosphatic carbonates indicate a period of carbonate production and low detrital 
sediment input associated with transgression. The Mt. Auburn Member composes the 
transgressive portions of the Mt. Auburn-Sunset member cycle of Schramm (2011). Upper 
portions of the Mt. Auburn member at the Trimble-Carroll County line exhibit a distinctly 
light weathering bed with an anomalous bivalve-rich biofacies. 
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Figure 26. Stratigraphic section of the lower Mt Auburn through upper Mt Auburn 
Member exposed along I-71 at the Trimble-Carroll Co. Line, Kentucky. 
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Magnetic Susceptibility 
Low field mass specific magnetic susceptibility (χ) measurements from samples collected 
at a 30cm interval from strata of the Trimble-Carroll County line along I-71 indicate χ 
oscillations within the interval (Fig. 27). Offsets in c values bounding the Corryville 
Member cannot be confirmed as unconformities as single data points prior to c shifts may 
represent spurious measurements. Despite this, similar trends in c values exist between the 
Maysville Kentucky Grant Lake, and Trimble County χ curves. Furthermore, slightly 
higher values occur in the Mt. Auburn interval at the level of the middle Mt. Auburn 
shale.  
 
 
Figure 27. Magnetic Susceptibility curve from section exposed along I-71 at the Trimble-
Carroll Co. Line, Kentucky. From Schramm (2011). 
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STOP 2. ROADCUT ALONG BOTH SIDES OF KY 393 IN BARDSTOWN AND SALUDA 
MEMBERS OF DRAKES FORMATION, BUCKNER, KY 
 
Carlton E. Brett 
 
Coordinates 
lower upper 
Latitude:  N 38° 22' 31.3" Latitude: N 38° 22' 23.4" 
Longitude:  W 85° 25' 37.7" Longitude: W 85° 25' 34.7" 
Elevation: 710’  Elevation: 760’ 
 
 
Introduction 
This excellent section of the uppermost Cincinnatian (upper Katian: Ashgill) was freshly 
blasted for road widening in 2008; it thus provides a fresh section through a very 
interesting interval (Fig. 28). 
 
A coarse cross-bedded grainstone occurs locally in the base of the Bardstown Member 
(Kepferle, 1977). The overlying bluish gray limestone contains a coral-rich biostrome, 
termed the Bardstown “reef” is especially well developed south of Louisville near 
Bernheim Woods and Bardstown; this biostrome carries abundant small, solitary rugose 
corals (Grewinkia), and colonial rugosans, favositids, tetradiids and curious elongate 
stromatoporoid Aulacera (Browne, 1964; Hatfield, 1968). These fossil-rich beds pass 
upward into brownish weathering, blocky, argillaceous siltstones and calcareous 
mudstones, with abundant trace fossils particularly Planolites and Chondrites, as well as 
scattered, typically articulated bivalve molds, which commonly display black periostracal 
films. In addition, some carbonized remains of possible green algae are present. 
The basal calcarenite and overlying Bardstown biostrome are interpreted as a TST, 
whereas overlying beds are dominantly HST and the blocky, silty mudstone near the top 
represents FSST deposits. 
 
Unit 1 --Bardstown Member 
The lower half of the section comprises much of the Bardstown Member of the Drakes 
Formation; in nearby Indiana outcrops such as those at Madison, this interval is referred to 
as the Liberty and lower Whitewater formations. This section consists of interbedded thin, 
argillaceous wavy to nodular packstones and gray shale (Fig. 28). 
 
Both the limestones and some of the shales are highly fossiliferous and show abundant 
brachiopods (Hebertella, Rafinesquina, Hiscobeccus), ramose bryozoans and, at some 
levels, abundant solitary rugosans, mainly Grewingkia, occasional small colonial rugosan 
colonies are also present. 
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Figure 28. Stratigraphic section for Rte. 393 roadcut at Buckner, KY. 
 
Unit 2—Upper Bardstown or lower Whitewater Formation.: The upper 2.5 m of the 
Bardstown member is a distinctive, blocky silty dolomitic mudstone, medium dark gray 
on fresh surfaces but weathering a light buff gray (Fig. 28). This interval is sparsely 
fossiliferous although traces, mainly Planolites and Chondrites are abundant and stand out 
because of typically lighter filling than surrounding matrix; moldic bivalves are 
moderately common and many preserve a black periostracal film; some are articulated and 
in possible life position others are splayed or “butterflied” suggesting predominantly high 
rates of burial. A thin, dark gray shale occurring near the top of this interval has yielded 
carbonized branching stains of possible dasyclad algae. 
 
Saluda Member: 
Unit 3—Buckner bed. The base of the lower Saluda Member as defined herein (equivalent 
in part to lower Whitewater Member in Indiana) is sharply set off from the underlying 
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dark sparsely fossiliferous mudstones at an erosive contact, which we interpret as a 
sequence boundary (Fig. 28). The overlying shelly lag bed a few centimeters thick yields 
abundant rip-up clasts of dolomitic mudstone in a coarse sandy matrix with abundant 
bryozoan fragments; intact bryozoan colonies in possible life position appear above this 
basal lag. This interval is followed by about 7.5 meters of blocky dolostone that ranges 
from sparsely to highly fossiliferous; the uppermost 2 meters (Buckner bed) are more 
compact and contains numerous lenses and stringers of white to pale orange recrystallized 
bryozoans. Small colonies of colonial rugose corals are common near the top of this 
blocky ledge, primarily. About half of these specimens are in inverted orientations. 
Silicified white specimens are particularly common at the top of the dolostone at its 
contact with a distinctive dark gray clay shale about 10 cm thick. This shale is 
gradationally overlain by a 90 cm blocky argillaceous dolostone (Sligo bed) followed by a 
second 10 cm shale zone. 
 
Unit 4—The upper submember of the Saluda Member (or Saluda s.s.) consists of massive, 
pale orange-buff weathering evenly laminated dolostone (Fig. 28). Cross sections of 
burrows and possible desiccation cracks are observable at some levels. Bedding surfaces 
reveal symmetrical ripples and desiccation cracks. 
 
Overall, the Bardstown Member shows a relatively abrupt shift from fossiliferous, shaly 
nodular packstones to blocky sparsely fossiliferous mudstones that we interpret as late 
highstand to falling stage deposition. The sparse mudstones are thought to record rapid 
fall of base level (forced regression), which triggered rapid offshore deposition of 
carbonate and siliciclastic muds and silts. Soft, unstable substrates favored burrowing 
organisms, including the trace-makers and bivalves forming a distinctive taphofacies. 
 
The sharp, erosive contact of the lower Saluda submember is interpreted as a sequence 
boundary while overlying pebbly beds are interpreted as a transgressive lag. The compact 
bryozoan- and coral-bearing Buckner bed is a TST and its sharp upper contact as a 
maximum starvation surface. Note the “Madison coral biostrome” is optimally developed 
at this contact owing to clear shallow but deepening water during sea-level rise and 
transgression. The overlying meter of shale and blocky bioturbated dolostone is inferred to 
represent highstand conditions that promoted renewed influx of muddy siliciclastic 
sediment. We interpret the base of the massive, upper Saluda submember as a forced 
regression surface, which brought conditions locally to peritidal environments. The upper 
Saluda, while perhaps representing little time, records an interval of approximate 
equilibrium between sedimentation, sea-level and subsidence during stillstand to slightly 
rising sea-level. During this time mixed siliciclastic and carbonate muds and silts were 
deposited rapidly in tidally influenced mudflats over a large area of the mid-continent. 
These beds probably grade eastward into red molasse of the Queenston-Juniata clastic 
wedge as is witnessed further north in the Kagawong beds of Manitoulin Island. A 
renewed transgression recorded by a return to fossiliferous Hitz or upper Whitewater beds 
is absent at this locality and nearby where the basal Silurian Cherokee unconformity has 
removed highest Ordovician beds. 
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STOP 3A. ROADCUT ON KY RTE. 329, NEAR JUNCTION WITH I-71;  
CRESTWOOD (PARK LAKE), KY  
 
Patrick McLaughlin, Carlton E. Brett, Bradley Cramer and James Thomka 
 
Coordinates 
Latitude:  N 38°20'36.29" 
Longitude:  W 85°29'26.35 
Elevation: 670-700’ 
  
Similar to the Madison Rte 421 roadcut, the Park Lake roadcut features near continuous 
exposure of the majority of the Silurian strata interval exposed on the western limb of the 
Cincinnati Arch. The section is located on KY-329 just south of its intersection with I-71 
(The base of the section features a spectacular, highly undulating and bored erosion 
surface marking the Silurian/Ordovician boundary. The section along the main road 
ranges from the upper Ordovician Saluda Dolostone through a conitnuous Silurian section 
upward the basal half meter of the Wenlock age Waldron Shale (Fig. 29). 
 
The base of the section is located in a cut immediately behind an abandoned gas station. 
The Upper Ordovician Saluda Member forms the lower portion of the cut and displays 
typical buff weathering laminated dolostones. The upper contact of the Saluda features a 
highly undulating and bored erosion surface marking the Silurian/Ordovician boundary or 
Cherokee Unconformity. In places, buff dolostones of the lower Osgood Formation (or 
lower carbonate member, equivalent to the Dayton Limestone of late Llandovery age) 
rests directly upon the similarly weathering Saluda with a cryptic paraconformity. 
Elsewhere however, the surface shows a relief of up to a meter. 
  
Unit 1—Brassfield Formation 
 An erosional or karstic hollow on this surface is in-filled with 0.25 to 1.25 m of gold to 
yellowish-brown weathering, medium bedded, amalgamated, crinoid, coral, 
stromatoporoid, bryozoan grainstone-rudstone of the Brassfield Formation of mid 
Llandovery (Aeronian?; D. kentuckyensis conodont zone) (Fig. 29). Together the facies 
data suggest an open marine, inner to mid ramp depositional environment The basal 
surface is highly undulating and shows grainstone-filled borings that penetrate the 
underlying silty dolomudstone as at the contact at the base of the Napoleon Quarry 
Nicoll and Rexroad (1968) studied the conodont biostratigraphy of the S/O boundary 
through the lower Osgood at a section 6 km to the east and suggested assignment to the D. 
kentuckiensis Zone (Fig. 30). 
 
Unit 2—Lee Creek Member of the Brassfield Formation 
Unit 2, assigned to the Lee Creek Member of the Brassfield Formation, is composed of 
approximately 0.6 m cm of orange weathering, greenish-tan, burrowed dolomudstone 
(Fig. 29). This unit contains abundant glauconite and lacks macrofossils. Bioturbation is 
moderate (ii. 2-3). The facies data are not sufficient to interpret the depositional 
environment of this unit. 
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Nicoll and Rexroad (1968) observed reworked Ordovician conodonts within the Lee 
Creek Member of the Brassfield in nearby sections, as well as evidence for a significant 
biostratigraphic gap between the “golden” and the Lee Creek members. They found that 
the conodont assemblages of the Lee Creek Member had the greatest similarity with the 
Merritton Limestone of western New York. 
 
The conodonts were ssigned to the Pt. (N.) celloni Zone in pre-1997 terminology; present 
evidence suggest a Pt. eopennatus Zone assignment and hence late Llandovery (early 
Telychian). This evidence further suggests correlation with the Waco Formation to the 
east in Kentucky. 
  
Unit 3—Osgood Formation 
Unit 3, assigned to the Osgood Formation, is composed of approximately 5.5 m of 
greenish-gray shales and thin- to medium-bedded yellowish-brown silty argillaceous 
dolomudstone (Fig. 29). Shelly fossils within this unit are rare, but burrows are common 
(ii. 2-3) Together, the limited facies data are insufficient to interpret a depositional 
environment. 
 
Boneham and Masters (1973) found abundant chitinozoans microfauna in the Osgood at a 
nearby locality (Brownsboro Road section, approximately 6 km to the west). This unit is 
correlated with the Osgood Shale of the Madison Roadcut section and recent study by J. 
Thomka demonstrates a bed for bed match of the distinctive carbonate shale rhythms 
between these and all other sections in the western Cincinnati Arch region. 
 
The Osgood Shale has been dated by conodonts as belonging to the Upper Pterospathodus 
Zonal group and Kockelella ranuliformis Superzone (which includes both the Lower and 
Upper K. ranuliformis Zones), spanning latest Llandovery to early Wenlock (M. Kleffner, 
pers. comm. 2012). 
 
The carbonate carbon isotope curve from this section shows the distinctive rising limb of 
the early Sheinwoodian (Ireviken) positive excursion. Values appear to fall continuously 
through the Lewisburg and Massie interval. 
 
Unit 4—Lewisburg Formation 
The Lewisburg Formation was assigned to the informal “basal member” of the Laurel 
Formation, is composed of 2.25 m of greenish-tan, fine- to medium-grained 
dolograinstone (Fig. 29). Skeletal grains are dominated by crinoids (BA 3-4?) and are 
moderately to heavily fragmented. Mottling indicates a complex Thallasinoides network. 
Upper and lower sub-units are separated by a thin shale bed only a few centimeters in 
thickness with upper and lower stylolitic contacts. The uppermost 10 cm of Unit 4 
displays multiple horizons of rust spotting. Together the limited facies data suggest slow 
sedimentation in an open marine, low energy, inner to mid ramp depositional 
environment. 
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Figure 29. Composite stratigraphic section along Rte. 329 near Crestwood, KY (Park 
Lake section of previous guides); figure to right shows carbon isotopic curve. 
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Unit 4—Lewisburg Formation 
The Lewisburg Formation was assigned to the informal “basal member” of the Laurel 
Formation, is composed of 2.25 m of greenish-tan, fine- to medium-grained 
dolograinstone (Fig. 29). Skeletal grains are dominated by crinoids (BA 3-4?) and are 
moderately to heavily-fragmented. Mottling indicates a complex Thalassinoides network. 
Upper and lower sub-units are separated by a thin shale bed only a few centimeters in 
thickness with upper and lower stylolitic contacts. The uppermost 10 cm of Unit 4 
displays multiple horizons of rust spotting. Together the limited facies data suggest slow 
sedimentation in an open marine, low energy, inner to mid ramp depositional 
environment. 
 
Diagnostic conodonts have yet to be recovered from this section but work by Kleffner in 
Ohio. 
 
has revealed the presence of K. walliseri in the base of the correlated Lewisburg beds. 
This would appear to indicate an early Wenlock (middle Sheinwoodian) age, but there is 
some evidence that the first appearance of K. walliseri may be diachronous (Cramer et al., 
2009). Unpublished carbonate carbon isotopic data show adistinctive pattern of isotopic 
variation with a brief strong negative deflection at or near the top of the Lewisburg at 
several sections in the western Cincinnati Arch; a very similar pattern is expressed near 
the top of the Meristina cylindrica Bed in Adams County, Ohio of the lower Bisher 
Fomation in sections suggesting correlation of the Lewisburg with the lower Bisher on the 
eastern side of the Cincinnati Arch. The isotopic deflection is interpreted by McLaughlin 
as indicative of the Ansarve Event an early Sheinwoodian negative isotopic deflection 
whereas Cramer and Kleffner (in McLaughlin et al., 2008) interpret this pattern as 
indicating the declining phase of the Ireviken (early Sheinwoodian) excursion.  Ongoing 
work is aimed at resolving this conflicting evidence.   
 
Unit 5—Massie Formation 
Unit 5, assigned to the informal “lower shaly member” of the Laurel Formation, is 
composed of approximately 1 m of dark- to medium-gray dolomitic shale and thin- to 
medium-bedded dolomarlstones (Fig. 29). Rusty weathering pyritic burrows occur near 
the middle of the unit. Macrofossils have not been observed and bioturbation is moderate 
(ii. 2-3). Dolomitization has obscured fossil content of the Massie in this area but, as noted 
above, the unit is highly fossiliferous at some sections in Indiana and yields a diverse 
fauna of brachiopods, bryozoans and echinoderms that suggest affinities with the 
Rochester Formation in New York State (Bassler, 1903; Tillman, 1965; Frest et al., 1999). 
 
The Massie is clearly of early Wenlock (Sheinwoodian) age. Sequence stratigraphic and 
macrofossil data suggest correlation with the highstand of Sequence V (Rochester Shale in 
the Appalachian Basin. However, this interpretation is at odds with the occurrence of K. 
walliseri in samples from the Massie in Ohio (Kleffner et al., 2012). Again, further work 
to resolve this conflict is in progress. 
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Unit 6— 
Unit 6, the strata formerly “lower burrowed member” of the Laurel Formation has been 
re-assigned to an informal upper member of the Massie Formation (Brett et al., in press); 
the unit is composed of approximately 0.80 m of greenish-tan, medium-bedded, 
amalgamated, burrow-mottled, fine-grained dolograinstones (Fig. 29). The sharp contact 
of the upper Massie on the lower shaly member suggests a fourth order sequence 
boundary but there is no evidence for a major unconformity at this contact. 
 
Unit 7—Laurel Formation 
Unit 7, assigned to the “vuggy member” of the Laurel Formation, is composed of 
approximately 6 m of light-gray, vuggy dolograinstone that weathers dark-gray (Fig. 29). 
Macrofossils are dominated by crinoids and are preserved primarily as molds. The molds 
suggest the original skeletal grains were moderately to highly fragmented. Several nodular 
white chert horizons form a subtle, but distinctive signature of this unit. Together the 
limited facies data suggest an open marine, inner to mid ramp depositional environment. 
This unit is correlated with the “vuggy member” of the Laurel Formation in nearby 
sections and may correlate with similar lithofacies of the Euphemia Dolostone in western 
Oho. 
 
Wenlock (late Sheinwoodian to early Homerian) 
 
Unit 8—Laurel Formation 
Unit 8, assigned to the “quarry stone member” of the Laurel Formation, is composed of 
approximately 8 m of dark-gray weathering, tabular, thick-bedded, fine-grained dolostone 
(Fig. 29). The massive nature of this unit makes identification of faunal elements difficult. 
Yellow chert bands and small sparry vugs occur in the upper half of the unit and form a 
distinctive stratigraphic marker. An iron-mineralized surface marks the top of the unit. 
This unit is correlated with the “quarry stone member” of the Laurel Formation. Trilobites 
found elsewhere in this interval strongly suggest that these beds correlate at least in part 
with the Springfield Dolostone of Ohio. 
 
The age of the Laurel is poorly constrainedbut it is considered to be of Wenlock age (late 
Sheinwoodian to early Homerian); carbon isotopic studies suggest that the Laurel was 
deposited during the late phases of the Ireviken (early Sheinwoodian) excursion. 
 
Unit 9—Waldron Shale 
Unit 9, assigned to the lower portion of the Waldron Shale, is composed of approximately 
1 m of dark gray shale and dolomarlstone (Fig. 29). At this section and most in Kentucky 
the Waldron is sparsely fossiliferous but nearby in Indiana the Waldron is rihly 
fossiliferous with a distinctive offshore fauna; BA 3 to 4 of Boucot (1970; see particularly 
Frest et al. (1999). 
 
Recent work by Cramer et al. indicates the presence of the Mulde carbon isotopic 
excursion in the Waldron Shale; this would imply a late Wenlock (middle Homerian) age 
for the unit. 
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STOP 3B. CUT ALONG KY RTE. 329 NEAR S. OLDHAM HIGH SCHOOL; 
CRESTWOOD, KY; CRESTWOOD NORTH SECTION (optional) 
 
Patrick McLaughlin, Carlton E. Brett, Brad Cramer and James Thomka 
 
Coordinates: 
Latitude:  N38°21'2.78" 
Longitude:  W85°29'3.52" 
Elevation: 705-710’ at base of outcrop 
 
Introduction 
The Park Lake North section is a relatively small roadcut on I-71 westbound, just 
northeast of Stop 4). The lower part of the section is laterally equivalent to the upper part 
of Stop 4.  
 
Unit 1—“quarry stone member” of the Laurel Formation 
Unit 1, assigned to the “quarry stone member” of the Laurel Formation, is composed of 
approximately 7 m of dark-gray weathering, tabular, thick-bedded, dolostone. This unit 
contains several yellow chert bands and sparry vugs in the upper half of the unit. The top 
of the unit is marked by an iron-mineralized surface.This unit is correlated with the 
“quarry stone member” of the Laurel Formation in the Park Lake Roadcut section.  
 
Unit 2—Waldron Shale 
Unit 2, assigned to the Waldron Shale, is composed of approximately 3 m of medium- to 
dark-gray shale and dolomarlstones. Macrofossils have not been identified in this unit. 
§The basal meter of this unit is correlated with the Waldron Shale as exposed in the Rte. 
329 Roadcut section.  
 
Unit 3—Louisville Limestone 
Unit 3, assigned to the Louisville Limestone, is composed of approximately 5 m of 
medium- to thick-bedded, highly fossiliferous dolostone. The lower 1 m is biohermal and 
is overlain by at least 2 m of highly vuggy dolostone. A Pentamerus epibole is present 
near the top of this unit. The basal contact on Unit 2 is sharp and undulating. This unit is 
correlated with the Louisville Formation as exposed in the Liter’s Quarry section.  
 
STOP 4. CUTS  ON I-71 WEST OF WATERSON EXPRESSWAY, LOUISVILLE, KY 
Vertical cut in Silurian Louisville Formation (cement gray) overlain by Mid Devonian 
 Jeffersonville Limestone with large coals; cryptic contact is a ~30 million-year 
unconformity, the famed Louisville (Wallbridge) paraconformity. 
 
STOP 5. LUNCH STOP: FALLS OF THE OHIO VISITOR CENTER 
The Falls of the Ohio State Park and visitor’s center provides an excellent overview of the 
spectacular coral beds of the Middle Devonian Jeffersonville Limestone. The Falls of the 
Ohio area of southern Indiana and northern Kentucky represents one of the most classic 
regions for study of midcontinent Paleozoic rocks. The region of Louisville, Kentucky 
was originally settled in part, because of the major rapids produced here in the Ohio River 
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Valley where the river crosses a minor anticlinal structure. The area of southern Indiana 
and Northern Kentucky is among the most fossil rich Paleozoic sections in the world. In 
particular, the Jeffersonville limestone exposed at the Falls of the Ohio has yielded more 
than 600 named species of fossils and includes one of the most diverse coral assemblages 
in the entire geologic record (Stumm, 1964). We will briefly examine the fossiliferous 
beds. Note that fossil collecting is Prohibited in the park; also coral beds may be 
inaccessible at time of visit. 
 
Ledges of the Coral Zone are exposed in the Ohio River bed and water level is commonly 
high enough to over these beds. However, ledges above the river level show the smaller 
corals and stromatoporoids of the Amphipora ramosa Zone, named for small pipe-like 
stromatoporoids. Ledges some distance above the water level are replete with valves of 
the small spiriferid brachiopod Brevispirifer gregarius. Silicified specimens weather in 
relief on the limestone surface/ Just above a persistent chert layer fossil rich beds of the 
Bryozoan-Brachiopod Subzone of the Paraspirifer acuminatus Zone are well exposed in 
some of the upper most ledges above river level. These beds are richly fossiliferous and 
yield abundant large gastropods, small rugose corals, varied brachiopods and several 
crinoid and blastoid thecae. 
 
STOP 6. SELLERSBURG QUARRY, SELLERSBURG, INDIANA. 
 
Coordinates 
Latitude:  N38°23'24.21" (at quarry entrance) 
Longitude:   W85°44'4.44"W 
Elevation:  305’-430’ base to top of quarry. 
 
The large quarry at Sellersburg, operated by Sellersburg Stone Company is famous among 
fossil collectors for the rich fauna found in dump piles of the Waldron Shale and from the 
weathered Devonian limestones. The quarry is located on East Utica Street on the east 
side of Sellersburg, Indiana (38°23'24.21"N, 85°44'4.44"W). The lowest exposures in the 
quarry are in the Laurel Dolostone and section continues upward into scattered exposures 
of black Upper Devonian New Albany Shale (Figs. 30, 31 A-F). 
 
Unit 1 Laurel Dolostone:  
This lowest unit of the quarry is exposed in vertical walls low in the quarry is composed 
of approximately 4 m of dark gray, burrow mottled, thin to medium bedded, crinoid, 
bryozoan dolopackstone to dolograinstone (Fig.31). Holdfasts of crinoids in this unit can 
be observed on the quarry floor. This unit is made distinctive by its dark color, multiple 
stylolites, and abundant horizons of white chert nodules. This interval of early Wenlock 
(Sheinwoodian) age and represents low energy mid ramp? (BA 3-4) depositional 
environments. 
 
The upper Laurel is composed of just over 3 m of light pinkish-gray to light gray, 
bioturbated, fine-grained dolograinstone. Spar filled vugs occur near the middle of the 
unit. The uppermost 70 cm is distinctly more argillaceous and heavily burrowed and has a 
gradational contact with the Waldron Shale. The age of this interval is uncertain but it 
probably represents mid Wenlock (Sheinwoodian to Homerian). 
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Figure. 30. View of wall of Sellersburg Stone Quarry showing Laurel Formation at base 
overlain by Waldron Shale, (shlay recessive in wall and in piles in middle of 
view. Waldron, in turn, is overlain by massive Louisville/Wabash and the 
upper portion of the quarry wall is in Middle Devonian Jeffersonville and 
Muscatatuck (Sellersburg) formations.  
 
 
Unit 2.Waldron Shale  
The Waldron Shale is composed of approximately 3.5 m of medium gray fossiliferous 
shale interbedded with medium to thin bedded fossiliferous dolowackestones-packstones 
(Fig.31). The skeletal grains in both the shales and dolostones are typically well 
preserved, though disarticulated. A distinctive 25 cm band of dolopack-grainstone occurs 
near the top of the unit. Small bioherms, approximately 1 m tall, occur at the top of the 
unit and rest upon lenses of coarse crinoidal dolograinstone. These latter appear to fill 
small channels scoured up to a half meter into underlying shale, perhaps during forced 
regression, although the up-turned geometry of the dolograinstone lenses was accentuated 
by localized loading by the overlying bioherms. The Waldron Shale is remarkable in its 
persistence over major tracts of the Mid-west from northern Indiana south to the Nashville 
Dome in central Tennessee. The Waldron represents mid to outer ramp (BA 3-4), soft 
mud-bottom and low energy environments well below normal wave base. 
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Figure 31. Silurian (Llandovery-lower Wenlock) succession at Rte. 421 roadcut, 
Madison, Indiana, composited with the higher Wenlock to Ludlow sections at 
Sellersburg Quarry, Sellersburg, Indiana, about 55 km to the SW. 
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Figure 32A. Common corals and bryozoans of the Waldron Shale (from Hall, 1882). 
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Figure 32B. Common bryozoans and brachiopods of the Waldron Shale (from Hall, 
1882). 
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Figure 32C. Common brachiopods of the Waldron Shale (from Hall, 1882). 
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Figure 32D. Common brachiopods and molluscs of the Waldron Shale (from Hall, 1882). 
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Figure 32E. Common trilobites and ostracods of the Waldron Shale. From Hall (1882). 
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Figure 32F. Common echinoderms of the Waldron Shale. From Hall (1882). 
 
 
The unit includes sparsely fossiliferous dark greenish gray shale as well as exceptionally 
rich faunas associated with the small bioherms and lenses of packstone. The fauna is 
highly diverse and includes abundant, typically articulated and spiriferids brachiopods 
including orthids (Resserella), strophomenids (Leptaena, Coolinia, Protomegastrophia), 
atrypids (Plectatrypa, Atrypa), athyrids (Whitfieldella, Meristina), rhychonellids 
(Stegerhynchus, Rhynchotreta, Uncinulus), spiriferids (Eospirifer, Howellella); bryozoans 
include mound-forming and mat-like fistuliporoids, fenestrates, and ramose forms; small 
rugosans (Enterolasma) and favositids (Favosites parasiticus) are abundant (Figs. 32A-
D). Mollusks include bivalves such as Cypricardinia, Cornellites, large well-preserved 
platyceratid gastropods, e.g., Naticonema, and the strongly annulated orthoconic nautiloid 
Dawsonoceras (Fig. 32D). Trilobites including the large dalmanitids (Glyptambon), 
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Trimerus delphinocephalus, Calymene spp. are well preserved articulated specimens are 
found in a few beds (Fig. 32E). The camerate crinoid E ucalyptocrinites crassus is 
common and remarkably well preserved as cups and partially to completely preserved 
crowns; Periechocrinus, Lyriocrinus, Dimerocrinites, and “Botryocrinus” polyxo are 
found more rarely (Fig. 32F). Blastozoans are represented by rather common 
hemicosmitid rhombiferan cystoids: Caryocrinites and the small coronoid Cupulocorona. 
The outstanding preservation of fossils in this quarry reflects pulses of rapid burial of 
skeletons in low oxygen muds. It is rather surprising given the far inboard position of 
these shales but may involve re-suspension of muds accumulated temporarily in upramp 
areas during strong storms. 
 
In terms of fossil diagenesis, the rapid infilling of fossil cavities with calcite spar 
apparently protected them from deformation during compaction. Many of the fossils bear 
crusts of euhedral pyrite that must have formed slowly in a deep zone of sulfate reduction 
within the sediments. 
 
The age of the Waldron Shale remains a matter of debate. Berry and Boucot (1970) noted 
that the unit has yielded ostracodes typical of the lower McKenzie Formation in 
Pennsylvania and thus presumably is of early-mid Wenlock age. Conversely, carbon 
isotopic studies of the apparently coeval Waldron in Newsom,Tennessee shows a 
distinctive double positive spike of delta 13C (Cramer et al., 2005). Unpublished data of 
Cramer indicates a similar pattern in northern Kentucky. On this basis Cramer and 
colleagues suggest that the Waldron represents the interval of the Mulde Event, mid 
Homerian, in Gotland. Both the Waldron and Mulde brick clay represent argillaceous, 
deeper offshore facies with diverse faunas and so this correlation would suggest that both 
represent the same eustatic highstand. 
 
Unit 3—Louisville Formation 
Unit 3, assigned to the Louisville Formation, is composed of nearly 20 meters of strata 
that range from argillaceous dolostones to sparry grainstones (Fig.31). The strata are 
medium- to thick-bedded and range from fine-grained wackestone to coarse-grained 
skeletal dolograinstone. The lowermost package rests sharply and irregularly on Unit 2 
and is composed of orangish-gray weathering, heavily bioturbated, fine-grained 
dolograinstone. It yields a Waldron- like fauna including small tabulate corals and 
E ucalyptocrinites cups. Small bioherms may extend upward into overlying shaly units. A 
thin clay-rich layer near the base of the Louisville Formation and another associated with 
a rusty-weathering seam higher in the unit are K-bentonites, both have yielded small 
phenocrysts and present study is directed toward extracting zircons for age-dating. 
Approximately 4 m up from the base of the unit is a Pentamerus epibole described by 
Conkin (2002). 
 
Most of the Louisville Formation is inaccessible in vertical walls of the Sellersburg. 
 
Quarry but its upper contact with the overlying Wabash Formation can be examined near 
the ramp road leading out of the lower lift of the quarry. The age of the Louisville is 
poorly constrained but the abundance of Kirkidium near the middle of the unit suggests a 
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late Wenlock to early Ludlow Age. Rexroad et al. (1978) reported Kockella variabilis Zone 
conodonts from the Louisville Limestone at Atkins Quarry, suggesting Wenlock-Ludlow 
(middle Homerian-early Gorstian). 
 
Unit 4—Wabash Formation 
Unit 4, the Wabash Formation, is composed of meter-thick packages of skeletal pack-
grainstone that alternate shaly wackestone and marlstone (Fig.31). This unit is exposed 
just below the middle lift of the quarry. It shows an alternation between sparsely 
fossiliferous, though bioturbated pale olive buff silty dolostones and fossiliferous chert 
limestones that contain abundant small colonies of stromatoporoids, favositid and 
especially halysitid corals. 
 
At this section, the lower part of the Wabash Formation contains a 2 cm thick K-bentonite 
with abundant zircon and apatite phenocrysts. Rexroad et al. (1978) reported Kockella 
variabilis Zone conodonts from the Wabash Formation at Atkins Quarry. This unit has not 
otherwise been observed on this field trip. Its equivalent stratigraphic position in southern 
Ohio is tentatively thought to have been removed under the sub-Greenfield Formation 
unconformity. 
 
Louisville (Wallbridge) Paraconformity: The unconformable upper contact of the Wabash 
Formation with the Middle Devonian Jeffersonville Limestone is inaccessible in most of 
the quarry but can be examined to one side of the main ramp road leading to the lower 
quarry. Here the contact, representing the Louisville paraconformity (Wallbridge 
Unconformity separating Sloss’s Tippecanoe and Kaskaskia megasequences) is sharp but 
planar and cryptic. The light gray limestone immediately below the unconformity is cherty 
and shows numerous halysitid corals. The overlying Coral Zone of the Jeffersonville 
Limestone (Middle Devonian, Eifelian) is light pinkish gray grainstone with abundant 
large rugosans and favositid tabulates. Rarely the Devonian corals grow unconformably 
on Silurian corals at this surface! The total duration of this unconformity is approximately 
30 million years and, as such, it represents considerably more time than do all of the strata 
above and below in this quarry combined (~425 to 420 Ma for the Silurian beds and ~392 
to 380 Ma for all of the Devonian). 
 
Upper exposures in the quarry expose the entirety of the richly fossiliferous pack-, grain 
and rudstones of the Jeffersonville Limestone (Eifelian), approximately xx m thick, the 
overlying shaly, cherty dolomitic limestones Sellersburg Formation (Speed, Silver Creek 
and Beechwood Limestone Members; late Eifelian to Givetian) and the unconformably 
overlying New Albany black shale (Givetian to Frasnian). 
 
 
STOP 7. (OPTIONAL) LITERS ATKINS QUARRY, JEFFERSONVILLE, NY 
 
The large Atkins quarry, operated by Liters Stone Company, is famous among fossil 
collectors for the rich fauna found in the Waldron Shale. The quarry is located on the east 
side of Jeffersonville, Indiana (38°18'15.61"N, 85°44'12.19"W). This section has been 
studied in great detail by Conkin (2002). 
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Unit 1—“quarry stone member” of the Laurel Formation 
Unit 2, assigned to the informal quarry stone member of the Laurel Formation, exposes 
less than 2 m of light pinkish-gray to light-gray dolograinstone. The uppermost 70 cm is 
distinctly more argillaceous and heavily burrowed and has a gradational contact with Unit 
3. 
 
This unit is correlated with the “quarry stone member” of the Laurel Formation as 
exposed at the 14 Mile Creek section.  
 
Unit 2—Waldron Shale 
Unit 3, assigned to the Waldron Shale, is composed of approximately 4 m of medium-gray 
fossiliferous shale interbedded with medium- to thin-bedded fossiliferous 
dolowackestones-packstones. The fossils within this unit are diverse (BA 4) and range 
from partially fragmented to exceptionally well-preserved. The fauna is dominated by a 
diverse macrofaunal assemblage of small rugose corals, brachiopods, bryozoans, 
gastropods, trilobites, crinoids, and cystoids. The crinoids are abundant and some are fully 
articulated. A distinctive 25 cm band of dolopack to grainstone occurs near the top of the 
unit. Small bioherms approximately 1 m tall occur at the top of the unit and rest upon 
lenses of coarse crinoidal dolograinstone. The up-turned geometry of the dolograinstone 
lenses is interpreted as the result of localized loading by the overlying bioherms. 
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